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INTERNATIONAL | 


TO USE IT FOR 


OVP POWER AMPLIFIER MODULES 


world-wide reputation for cuality. reliability and performance at a realistic price. Four models 
available to Suit the needs of the professional and hobby market. 1.e. Industry, Leisure. 
Instrumental and Hi-Fi. etc. When comparing prices, NOTE alt models inciude Toroidal 
power supply, Integral heat sink, Glass fibre P.C.B.. and Drive circuits to power compatible 
Vu meter. Open and short circuit proof Supplied ready built and tested. 


OMP100 Mk I! Bi-Polar Output power,110 
watts RM.S. into 4 ohms, Frequency Res- 
ponse 15Hz - 30KHz —3dB, T.H.D. 0.01%. 
S.N.R. —118dB, Sens. for Max. output 
500mvV ati0K, Size 355 ¥ 115 * 65mm 
PRICE £33.99 + £3.00 P&P. 


ea a CORT le EET RE APPT 
OMP/MF100 Mes-Fet Output power 110 
watts RM.S_ into 4 ohms, Frequency Res- 
ponse 1Hz - 100KHz —3dB, Damping Factor 
80, Slew Rate 45V/uS, T.H.D. Typical 
0.002%, Input Sensitivity 500mV, S.N.R 
—125dB Size 300 x 123 X 60mm. PRICE 
PRICE £39.99 + £3.00 P&P. 


ae SS SS See 
OMP/MF200 Mos-Fet Output power 200 
watts RMS into 4 ohms, Frequency Res- 
ponse 1Hz - 100KHz —3dB, Damping Factor 
250, Stew Rate 50V/uS, T.H.D. Typical 
0.001%, Input Sensitivity 500mV, S.N.R 
—130aB, Size 300 150 X 100mm. PRICE 
PRICE £62.99 + £3.50 P&P. 

a 
OMP/MF300 Mos-Fet Output power 300 
watts R.M.S. into 4 ‘ohms, Frequency Res- 
ponse 1Hz - 100KHz —3dB, Damping Factor 
350, Slew Rate 60V/uS, T.H.D. Typical 
0.0008%, Input Sensitivity 500mV, S.N.R 
—130dB, Size 330 X 147 102mm. PRICE 
PRICE £79.99 + £4.50 P&P. 


bol 


a 
NOTE. Mos-Fets are supplied aS standard {1 OOKHz bandwidth & input Sensitivity 500mV) tf required 
PA. version (SO0KH2 bandwidth & Input Sensitivity 775mV} Order — Standard or PA 


Vu METER Compatible with our for amplifiers detailed above A 
very accurate visual display employing 11 L.F.D. diodes (7 green, 4 
red) plus an additional on off indicator. Sophisticated logic control 
circuits for very fast rise and decay ttmes Tough moulded plastic 
case, with tinted acrylic front. Size 84 + 27 - 45mm 

PRICE £8.50 - 50p P&P. 


LOUDSPEAKERS 5” to 15” upto 400 WATTS R.MLS. y 
Cabinet Fixing in stock. Huge selection of McKenzie 
Loudspeakers available including Cabinet Plans. Large 
S.A.E. (28p) for free details, 


POWER RANGE 

8° 50 WATT R.M.S_ Ht-Fi/ Disco. 

20 oz magnet. 1'>" ally voice coil Ground ally fixing escutcheon Res Freq 40Hz Freq Resp to 
6KHz. Sens, 92d8. PRICE£10.99Available with black grille £1199 P&P £1 50 ea 

12" 100 WATT R.MS. Hi-Fi/Disco 

50 oz magnet 2" ally voice coil. Ground ally fixing escutcheon Die cast chassis White cone Res 


Freq : 
25Hz Freq. Resp to 4KHz Sens 95dB PRICE £2860 £300 P&P ea 


McKENZIE 

12" 85 WATT R.M.S. C1285GP Lead guitar/keyboard/Disco 

2" ally voice carl. Ally centre dome. Res. Freq. 45Hz. Freq. Resp. te 6.5KHz. Sens 98dB PRICE £28 76 

- £3.00 P&P ea 

12” 85 WATT R.M.S C12B85TC P.A./Disco 2” ally voice coil. Twin cone. 

Res. Freq. 45Hz Freq Resp. to 14KHz. PRICE £29.80 £3.00 P&P ea 

15" 150 WATT R.M.S. C15 Bass Guitar/ Disco 

3” ally voice coi] Die-cast chassis. Res.Freq.40Hz Freq Resp to4KHz.PRICE£54.99- £4 OOP&P ea 

10" 60 WATT R.M.S. 1060GP Gen. Purpose/Lead Guitar/ Keyboard’ Mid. P.A. 

2” voice coil. Res. Freq. 75Hz. Freq. Resp. to 7.5KHz. Sens. 99dB. PRICE £19.15 - £2 OOP&P 

10” 200 WATT R.M.S. C10200GP Guitar, Keyboard, Disco. 

2” voice coil. Res. Freq. 45Hz Freq. Resp. to 7KHz. Sens. 101d8. PRICE £51 00 + £3.00 P&P 

15” 200 WATT R.M.S. C15200 High Power Bass. - 

Res. Freq. 40Hz. Freq Resp. to 5KHz. Sens 101dB. PRICE £59.45 + £4.00 P&P 

15” 400 WATT R.M.S. C15400 High Power Bass. 

Res. Freq. 40Hz. Freq. Resp. to 4KHz. Sens. 102dB. PRICE £85.00 + £4.00 P&P 
‘=e 

WEM 

5" 70 WATT R.M.S. Multiple Array Disco etc 

1" voice coil. Res. Freq. 52Hz. Freq. Resp. to SKHz. Sens. 89dB PRICE £19.99 - 

8" 150 WATT R.M.S. Multiple Array Disco etc. 

1” voice coil, Res. Freq. 48Hz. Freq. Resp. to 5KHz: Sens. 92dB PRICE £29.49 — £1.50 P&P ea 

10” 300 WATT R.M.S. Disco/Sound re-enforcement etc. 

14," voice coil. Res. Freq. 35Hz. Freq. Resp. to 4KHz. Sens. 92dB PRICE£33.49 + £2.00 P&P ea 

12” 300 WATT R.M_S. Disco “Sound re-enforcement etc 

1'y” voice cail. Res. Freq. 35Hz. Freq Resp. to 4KHz Sens. 94dB. PRICE£41.49 + £3.00 P&P ea 
SS Ss 


SOUNDLAB (Full Range Twin Cone) 

5" 60 WATT R.M.S. Hi-Fi/ Multiple Array Disco etc. 

1” voice coil. Res. Freq. G3Hz. Freq. Resp. to 20KHz. Sens. 86dB. PRICE £9 93 - £100 P&P ea 
6%" 60 WATT RMS. Hi-F:/Multiple Array Disco etc. 

1” voice coil. Res. Freq. 5GHz. Freq. Resp to 20KHz. Sens 89d8. PRICE£10.99- £1.50 P&P ea 
8” 60 WATT R.MS. Hi-Fi/Multiple Array Disco etc. 

1%" voice coil. Res Freq. 38Hz. Freq. Resp. to 2OKHz Sens. 89dB PRICE £1299 - £1.50 P&P ea 
10” 60 WATT R.M.S. Hi-Fi7Disco etc 

1," voice coil. Res. Freq. 35Hz. Freq. Resp. to 15KHz. Sens. 89dB. PRICE £16.49 + £2.00 P&P 


HOBBY KITS. Proven designs including glass 
fibre printed circuit board and high quality 
components complete with instructions. Pe 
FM MICROTRANSMITTER (BUG) 90/105MHz with very sensitive 
microphone. Range 100/300 metres. 57 x 46 x 14mm (9 voit) 
Prica: £8.62 + 75p P&P. 
3 WATT FM TRANSMITTER 3 WATT 85/115MHz varicap controtled 
professional performance. Range up to 3 miles 35 x 84 x 12mm 
(12 volt) Price: £14.49+ 75p P&P, 
SINGLE CHANNEL RADIO CONTROLLED TRANSMIPTER/ 
RECEIVER 27MHz. Range up to 500 metres. Double coded modulation. 
Receiver output operates relay with 2amp/240 volt contacts. ideal for 
many applications. Receiver 90 x 70 x 22mm (9/12 vok). Price: 
£17.82 Transmitter 80 x 50 x 15mm (9/12 volt). Price: £11,29 
P&P + 75p each. S.A.E. for complete list. 


£1.50 P&P ea 


Siew 4 
3 watt FM 
Transmitter 


POSTAL CHARGES PER ORDER £1.00 minimum. OFFICIAL 
' ORDERS WELCOME, SCHOOLS, COLLEGES, GOVERNMENT 
| BODIES, ETC. PRICES INCLUSIVE OF V.A.T. SALES COUNTER 
“ VISA/ACCESS/C.0.D. ACCEPTED 


* PRICES INCLUDE V.A.T. * PROMPT DELIVERIES * FRIENDLY 
SERVICE * LARGE S.A.E.28p STAMP FO RRENT LI 


BURGLAR ALARM IDEAL for Work- 


Better to be ‘Alarmed! then territied. shops, Factories 
Thandar’s famous ‘Minder’ Burglar Alarm System Offices, Home. 
Superior microwave principle Supplied as three units. etc. Su lied 
complete with interconnection cable. FULLY pp 
GUARANTEED. ready built 
Control Unit — Houses microwave radar unit, range | 

up to 15 metres adjustable by sensitivity control.* 

Three position. key operated facia switch — off — test 

— armed. 30 second exit and entry delay 
Indoor alarm Eectronic swept freq 
104dB output ; 
Outdoor Alarm — Ele¢tronic swept freq. siren 98dB 
output. Housed in a tamper-proof heavy duty metal 
case 

Both the control unit and outdoor alarm contain re- 
chargeable battenes which provide full protection 
during mains failure. Power requirement 200/260 Volt 
AC 50/60Hz. Expandable with door sensors. panic 
buttons etc Complete with instructions 


SAVE £138.00 Usual Prive £228 85 
BKE’s PRICE £89.99 + £4.00 P&P 


? Why buy a collection of self assembly boards' 


OMP LINNET LOUDSPEAKERS 


The very best in quality and value. Made specially to sult todays 
need for compactness with-high Sound output levels Finished in 
hard wearing black vymc'2 with protective corners, grille and carry 
handle. All models B Ghms. Full range 45Hz 20KHz. Size 20" 
15" » 12” Watts R.M.S. per cabinet. Sensitivity }W. Imir dB 


OMP 12-100 Watts 190dB. Price £149.99 
per pair, : 


siren 


OMP 12-200 Watts 102dB. Price £199.99 
per pair. 


OVP 


Delivery Securicor £B.00 per pair 


1 K-WATT 
SLIDE DIMMER 


* Control joads up 

to 1Kw 

* Compact Size 

Ase Aides 

* Easy snap in fix- 

Ing through panel 

cabinet cut out 

* Insulated plastic 

case 

* Full wave con- 

trol using 8 amp 

triac 

x Conforms to 
BS800 
* Suitable for both resrst- 
ance and inductive loads In- 
numerable applications in 
industry, the home, and 
disco’s. theatres etc 


PRICE £13.99 - 75p P&P 


" STEREO RACK AMPS 


Professional 19” cased Mos-Fet stereo 
amps. Used the World over in clubs, pubs, 
discos etc. With twin Vu meters, twin 
toroidal power supplies, XLR connections 
MF600 Fan cooled. Three models (Ratings 
R.M.S. into 4ohms). !nput Sensitevity 775 mV 
MF200 (100 + 100)W. £169.00 Securicor 
MF400 (200 + 200)W. £228.85 Delivery 
MF600 (300 + 300)W. £274.85 £10.00 


BSR P295 ELECTRONIC TURNTABLE 


* Electronic speed control 45 & 33'yrpm »* Plus 
Minus varrable pitch control * Belt driven * Alu 
minium platter with strobed rim * Cue lever * Anti 
skate (bias device) * Adjustable counter balance * 
Manual arm * Standard °," cartrige fixings * 
Supplied complete with cut out template * D.C 
Operation9-14v D.C. 65mA 
Price £36.99 — £300 P&P 


ADC Q4 mag cartridge for above Price £4 99 ea. P&P 50p 


PIEZO ELECTRIC TWEETERS MOTOROLA 

Join the Prezo revolution The low dynamic mass (ne voice coil) of a Piezo tweeter produces an 
Improved transient response with a lower distortion level than ordinavy dynamic tweeters As a 
crossover is not required these units can be added to existing speaker systems of up to 100 watts 
(more if 2 put in series: FREE EXPLANATORY LEAFLETS SUPPLIED WITH EACH TWEETER 


TY PE 'A’(KSN2036A) 3” round with protective wire 

mesh, deal for buokshelf and medium sized Hi-fi 

speakers Price £4.90 each ~ 40p P&P 

TYPE ‘B’ (KSN1005A) 3',” super horn For general 

purpose speakers, disco and PA systems etc. Price 

£5.99 each - 40p P&P 

TYPE 'C' (KSN6016A) 2” ~ 5” wide dispersion 

horn. For quality Hi-fi systems and quality discos etc 

Price £6.99 each - 40p P&P 

TYPE ‘D' (KSN1025A) 2” » 6” wide dispersion 

horn Upper frequency response retained extending 

down to mid range (2KHz). Suitable for high quality 

Hi-fi systems and quality discos Price £9.99 each 
40p P&P 

TYPE ‘E’ (KSN1038A) 33," horn tweeter with 

attractive silver finish trim. Surtable for Hi-fi monitor 

systems etc. Price £5.99 each - 40p P&P 

LEVEL CONTROL Combines on a recessed mount- 

ing plate, level control and cabinet input jack socket 

85 . 85 mm Price £3.99 + 40p P&P 


STEREO DISCO MIXER 


STEREO DISCO MIXER with 25 bandl & 
R. graphic equalisers and twin 10 segment 
LED. Vu Meters. Many outstanding features 
5 Inputs with individual faders providing a 
useful combination of the following:— 
3 Turntables (Mag), 3 Mics, 4 Line plus Mic 
with talk over switch. Headphone Monitor 
Pan Pot. L. & R. Master Output controis. Out 
put 775mV. Size 360 X 280 > 30mm 

Price £134.99 — £3.00 P&P 
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iraduat ezels for above P ACCESS BC337/8 BF494/5 100mH, 220mH ..... 7 ae A ae 75p 


PRESET POTENTIOMETERS & VISA CA3081 190 | MC1469 TLO71CP - wn] L513 LS$253 


30n, 40n, 477n 7p; 56n, 100n, 200n 9p; 
SOV: 470nF 12p. 


CERAMIC CAPACITORS SOV: 


Range: 0.5pF to 10ne 4p 0.1W Miniature Vertical or orders CA3085 160 | MC1488 TLO72CP T4c LSi4 LS256 

16nF, 22nF 33nF; 47nF 5p | Horizontal, 100R to 4M7 8p | Just phone your Cazoas —«6o._ | MC 1489 TLO74CN BLsis 22 | Ls257 

100nF/20V 7p 200nF/6V Bp | 0.25WLarger100Rto3M3Horz  12p | orders through. CAa3090A0 250 | MC1494 TLO61CP 7aceaa 150 | tS13 pe288 
0.25WLarger200Rto4M7 Vertical 12p} we do the rest CAa\23E 165 | MC1495 TLOBZCE ; 7aC245 150 | Coot Ls260 

POLYSTYRENE CAPACITOR: %" cermet multiturn preset Tel bere Lea 746373 160 | LS23 

10pF to InF 8p; 1.5nF to 12nF 10 106 to 500K cae 0923 50234 Moe epic 60 | 746374 425 | 1824 

SILVER MICA (Values in pF) 8 MK3886-2M £7 ! measoz UA2240 

2, 3.3,,4.7, 68, B.2. 10, 12. 18, 18, COMPUTER MMS280D 698 GAO, | MESAO! Neen 

22, 27, 93, 39, 47, 60, 56, 68, 75, 82, IGs MM5303 638 MG3404 ULN2004 


85, 100, 120. 150, 180pF . 1Sp each MMS307 1275 | valagew 175 | MC3405 ULN2283 
200, 220, 250, 270, 300, 330, 360, a | oy65L. 7 MMeaeye eee | Hat3aa 235 | MC3423 ULN2B03 
390, 470, 800, 800,820 21peach | 5,14 : MM?74C922 420 | ICL7106 875 | MF10 UPC575 
100, 1200, 1800, 2200 30p each | 2447 : RO-3-2513L 700 Mrgecao ure ozeH 
3300, 4700pF 80p | 2516 RO-3-2813U 850 RESTA DieCiiBe 

2532 SAASQSO 875 
MINIATURE TRIMMERS Capacitors 25L32 SFFo%6¢ gg0,| 'CLBDSBCC 300 | NESZE UPC1366 
2-6pF 2-10pF 22p | 2564 SPOZS6AL 475) Chee eG cae | NESASK xR2207 
2-250F; 5-65pF 30p | 256KDram TOJZ1I01N £13 NES44 XR22114 


IGM7217A £11 
10-88 pF 36p_| 28501 eee ty 725 | icM7224 785 | NESSS X22 16 


NESS6 XR2266 
RESISTORS Carbon Film, miniature, Hi-Stab, 5%. | 2732-4. Thsa4i6 IeMrsss *80 NESSB ZN403 

RANGE Val 1-99 100+ | 3706°250 Teaane IEM7556 140 | NESSO zZNat4 

0.25W 292—10ME24 3p ip _| ayr08-250 Theieas’3 LA3550 250 | NES64 Lgra 
LA4031P 340 | NES6SA ZN424E 

0.5W 2n2—4M7 E12 3p = 1p_—«| 242 TMS6011 POs Ey eae Nee: eae i L876 
1wW 222—10M E12 6p 4p 4027 TMS9914 Laaéo0 © 350: | NES67V ZN426E 
2% Metal Flim S12—1M E24 6p 4p, MA146-200n Tiseera Laag22 eo?) ZNG27.5 
1% Matal Film 519—1M E24 5p 4p |4agee” 3 feheed 4 LC7130 NES571 ZN428E 


' TMS3929, 
100+ price applies to Resistors of each type not 4816-100ns irpraes beetee NECoaaA enor 


i ; : 
mee Bae Sese Watoone LF347 OM335 ZN1034E 
RESISTORS NETWORK S.1.L. erie at: eo weteot LF351 RC4136D ZN1040E 


7 Commoned: (8 pins) 1000, 6802. 1K 2k2, 4K7, | 6116L-120 300 WD2143 pase Eee ZNA234E 
10K, 47K 100K 18p 6117-100n 575 ZeoBCPU £11] TFS2e Sanser 


8 Commoned: (9 pins) 1502, 1802. 2702, 330n. 1K, | 6167-6 795 ZBOACPU 4M 380 | [E357 SAB4209 


6764L-15 400 Z80CTC 285 
2K2, 4K7, 6KB, 10K, 22K, 47K & 100K 20p. nae aco. Zeoncrc 310] bree sc3so2 
6402 380 zeoacpu 11 | [MIO SLez7ocD 
DIODES BRIDGE 75 SERIES Few 850 Been. S888 aay SN76227N 
5 REETIFIERS 8502CPU 325 280A DART 800} [M307 SN eaaee 
= 6502A 545 7808 ce | (M308 SN78408 
PATS 75107/8 6503 650 zeoDMa 795] [M311 SN76489 


AAI29 1A/50V fO1T0, 6504 600 Z80ADMA 925 : P 
AAY3O ra/toov 20 | 75114/5 6504 250 550 ze0Pi0 250] [M359 ore 
BA100 tA/AOOV 25 F 7512172 6505 650 : 280APIO (315 


BY100 sargoov 30 | 78150 6520PIA 175 Zao Si0-1 aso | [M3322 ee 
BY126 aasov. 26 | 75154 6522A 545 |AM26LS31C 125 | ze0asio = ca | [M335 TA7205 


BY127 2a/zo0v 40 | 75158 6522VIA = 340: | AM26L532A 125 | ZBOASIO-2 £9 TA722: 
CRO33 Bayaooy = 42.:_« |: 75159 6530  —« £11 | AM26LS33 150 z Tee TAria0 
SOAS 2aeoov 0 | 75160 8532RRIOT 650 }AM7910 = £20 RWI Brora isa TAAG61A 


On. eatoov ag | 75162 6545RTC 899 ]AY-3-1015 300 
OA70 BA/4o0V —9@ | 75182/4 BSSIACIA 650 | AY-5-1013 300 a tay? TAAGOD 
OA79 TOA/Z00V 215 | 75188/9 6592PC £20 |C04724 ~— 150 | -995Cmos iMa7o TAB1042 
B OAa1 yoweoov 298 | 75322 “6800 220 !comeo17 275 } 702 image TAO100 
oas5 25a/200V 240 | 75324 6802 275 | 08748 £33 | 709C 8 pin uaeth TBA!208 
OAgO 25A/600V 396 78026 68A02 345 |DMa131 275 } 710 aan TES TBASAO 
7 
OA91 BY164 56 6803 850 | DP8303 450 7A7C 14 pin LM384 TBA550Q 


OAS5: 75365 6805 670 | DP8304 350 
QA200 


OA202 


748C B pin LM386 TBA6G41 


75450 H 
6808 520 1083647 800 735 B pin LM387 TBA800 


75451/2 6809E 680 |DS3891N 350 


4N914 > - mee 75454 6810 150 |DS88LS120 300 | 810 LM3eg TBA810S 
1NO1G ZENERS. * RS 6820 150 |Dsasz0 = 119'| 9400Cd Peace Leer 
1N4001/2 5 6821 150 }0s8830 = 140 | ADC0808 ine Aoaeon 
1N4003 H : , SCR 68821 220 |osaas1 125 | AY-1-1320 Meee, TChoTEG 
1N4004/5 Range! 2V7 to CMAEMOLEME 5240 375 Joses32 200 |-AY"1-5050 LM725CN TCA2TOO 
1N4006/7 39V 400mW 6843 800 | £9364 Boo | AY }308) thi gaee 4CA4O 
1N4148 8p each 6845 650 | £9365 28 «| AY-1-6720 ee TCA950 
4N5401 1 Range: 3V3 to AY-3-1270 LM187 

INS404 16 | 338V. 1.3W SRAODN, 6847 650 |FDI771 «= £1 | AY-3-1350 M1889 TCAS6S 
+N5406 15p each | SAGOOV 6850 i20 |Fo1791 €22 | AY-3-8910 UMz2g07 TDA1004 


Booklet for .M2917 TDA1008 
AY-3-8910 LM3g00 TDAIOI0 
AY-3-8912 LM3909N TOA1022 
AY-5-1317A, LM3911 TDA1024 
AY-5-1350 LM3914 TOA1034 
CA3011 L391 TDA1054 
CA3012 LM3916 TOA1490 


BAsdoy 6852 250 |F01795 £28 
BABOOV 6854 625 |HD26501 75 
: RAGE 88854 750 |HD4315 250 
1 SABO 6859 £4 |HD6301 225 
Brice 68000 £30 |HO63AO3RP 700 
Byte 8017 275 |HM6B45SP 755 
SADOOV 8035 350 |IMé402 380 


f 1N5408 
1844 
1§921 
BA/100V 
BA/400V 
BA/BOOV 


OOSOCH~TDHEVOOUTANDDOHH 


Dod 


Bed 6a45SP 750 |FOt691 £15 


C1060 CA3014 LM13600 TDA2002 
BA400V 86 | Ticag eee Os0 PCr oo PEAROI8 s7220 TDA2003 
BA100V 60 4 Ticas 8088 995 MC1489 70 CA3019 M706B1 TDA2004 
BASOOV 69 | Tica7 Ca3020 M51513L TDA2006 


MC14411 675 
mcia4iz 725 | CA3023 


CA3028A 
Mesaae ao. | CAZ035 MB3712 TDBO731 


S CA3036 MB3756 TLI70 
Meads, ang. | CA3043 MC1204 TLaQ7A 
MC3487 225 CA3045 MC1301 OD | TL507 
imMe402 —«-350._| CAB048 MG1310 L509 
MC6845 625 |} CAS059 MG145106 685 | TLO6ICP 
MG6846 625 | CA3075 MC1455 50 | TLO62CP 

CA3OBOE MC1458 35 | TLO64CN 


BASCOV 115 | 2Ns062 
12A100V. 78 | oNso64 
12A600V 82 | oNaaaa 
12A800V 108 
. - 16A100V 

VARICAPS $HONT Er 
16ABOOV 220 
25V500V 220 
25AB00V 296 
T2800 125 


M51515L TDA2020 
M51516L TDAZ030 
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% 8 i PANEL | 
SWITCHES DIP SWITCHES VEROBOARD 0.1in ial een e IDC CONNECTORS METERS RELAYS 
TOSGLE 2A 250V (SPST) 4 way 6Sp; 6 way 80p; 8 way 85p; | 2% x3% S5P | Combs 599p FSD 
SPST 35p DPOF 48p 10 way 125p (SPOT) 4 way 190p 2s x = oe ROTO DEC pee Rivas emale au 60 x 46 x 35mm Miniature, enclosed, PCB mount 
SUB-MIN TOGGLE x3 wi atc 0-50, 
ov 88D 3x5 $zsp |(xerenieck  -se0e Bins Pins Plug Edge Perna SINGLE POLE Changeover 
ROTARY SWITCHES 3M x17 A200)! ‘circpreadbowd Sue Angle, onct | o-S00uA RL-91 205R Cail 12¥ DC, (10V5 to 
(Adjustable Stop type} 4% x17 Se0p 5980p O-¥mA 19.5V), 1DAat3OVDC or250VAC 195p 
\pole/2t012way.2 pale/2to6way.3pole/2t0 | VOBoard 195P| 44, Seok | toway 85p 85p 5p 100p | FIne 
4 way, 4 pole/2 to 3 way 48p DIP Board 2088 Superstrip SS2 16 way es cen 208 ae O-10mA DOUBLE POLE Changeover, 8A 30V 
vero Sire z 1350p See, top. 4108 1158p 230p | O-50mA DC ar 250V AC 
VERO PINS per 100 VERO TOOLS ay, Bos, “see (soo 0-100mA RL-113 53R Coil, 6V OC (5V4 ta 9V9) 190p 
ROTARY: Mains DP 250V 4 An onvort 88p | Single ended $5p Scotieee a may ea Vane 1800 335D 0-SOOmA RL6-111 205R Coil, 12V DC (10V7 to. 
Double ended 80p OIA 19V5) 185p 
it 150p 50 wal 1465p 170p 175p 350p 
Wire wrape S/E155p | Sutterst50 y 2a AL6-114 740R Coil, 24V DC (22V to 
ROTARY: (Make-a: switch) Wire wrape D/E288p | Pin Insertion 185p 6Oway 195p 210p 225p 4986p | O24 37V) 200p 
Make a Multiway switch Shatting assembly O-50V 
has adjustable sfop. Accommodates up to FERRIC CHLORIDE O300VAC 520p 


6 wafers (max 6 pole/12 way + DP switch). 
Mechanism only R0p 


1 Ib bag Anhydrous 
125p + 50p p&p 


Pen+Spool 380p 
Spare spoo! 75p 
Combs 8p 


EURO CONNECTORS 
Gold Flashed Female Sockal Male Plug 


ASTEC UHF MODULATORS. 
Standard 6MHz 


DALO ETCH 
RESIST PEN 


mo y H 3500 
WAFERS: (make before break) ta {it the above Plussparetip 100p Contacts Ss oe CRYSTALS Wideband 8MHz Pp 
PUSHBUTTON 6A switch mecnanism. 1 pole/12 way. 2 pole/é 7 DIN41617 m 
~ t 10mm Button way. 3 pole/4 way. 4 pole/3 way. 6p/2 Way 85p COPPER CLAD BOARDS Saiiway, 4125p — — 175p | 32768KHz 100 
SPOT tatching 150p Mains DP 4A Switen to fit 45p . DIN41812 100KHz 400 
DPDT latching 200p Spacers 4p. Screen 6p. Fibre Singie- Double 2232A+B 200p — 175p1esp | 200KH2z 370) iat BUZZERS | Ton 
DPDT moment 200p her nea ae DINS1612 455KH 370 miniature, solid-state 6V; 
atte ome 2x92A+C 225p' — 185p210p { 1MHz 
Min| Non Locking ROCKER SWITCHES 6" x12 225p Bites p2t0P | 00aM 275 | PIEZO TRANSDUCERS F82720 70p 
Push ta Make 15p ROCKER: 5A/250V SPST 28p 6 eer Ome A+B+C 280p 290p295p 300p | 1 28MHz 450 
Push to Break 259 ROCKER: 104/250V SPDT 38p BIL SOCKETS CONN! 1.6MHz 200 . 
ROCKER: 104/250V OPDT c/ott 95p a" 188" 1.8MH2 545 
DIGITAST Switch ROCKER: 10A/250V DPST with neon «8 5p 2x6way — 78p CIL BLUG|(Heacen niason caste | 2 2432M 20 ,LOUDSPEAKERS 
A ted Coll 2x12 wa’ — 1160p e 2.0MH 225 iniature, O.3W- 
eeyapigach Bon 8p 2p] aisway — 1065p 14pin 40p 959 price perfoo! | >.4¢7eM 200 | 2in, 3%in, 2%in, 3in 80p 
THUMBWHEEL Min: front mounting switches 14pin  10p 28P | 2518 way 175p 180p 16 pin bel 1900p Grey Color | 342MHz 240 | 2’in 400, 640 or 802 80p 
Decade Switch Module 275, 16 pin 10 40p | 2322 way 200p 170p 24 pin 85p P 3.278M 150 | 6"x4" 82 | 200p 
e 28 pin 150p 200) 8 see's 
ULTRASONIC BG.D. Switch Module 298p 18 pin 16p 40p} 2x23way 150p — geen leap see 1Oway 15p 28P | 35794m 95 | 7" x5"80 225p 
TRANSDUCERS Mounting Cheeks (per pair) 75p 2 big aoe eee 2x25 way 250p 245p pin 200p e i wey ao8 ep 36864M 300 | 8" x 5" 80 2509 
2x28 180 = 
40 Khz. 475p 24 pin 25p 68p| za0way 2B0p — 24 way 40p 65p ie ee 
JUMPER LEADS (Ribbon Cable Assembly) 28 pin 28p 78p| 2sa¢way 300p — ZIFTEXTOOL | 28 way 55p 80p | 4 ocasom aso MONITORS 
GAS/SMOKE Length 14 pin 16 pin 24 pin 40 pin 40 pin 30p 89p 2x40 way 320p — DIL SOCKETS 34 way 80p 85p Passe tah Aer 
Singie ended DIP (Header Plug) Jumper 2x43 a00p — 40 way 70p 90p i re 
DETECTORS | 24 inches 145p 185p 240p 380p Serena 6oGn) 24 pin 550P] 50 way 100p 135p | FoCSMNZ = 200 | @ ZENITH — 12" Green, Hi- 
+ oeaND Double ended DIP tHesder PrGG Some i. 120p 160P | comns 150 Resolution Popular £70 
12 or 42 inches 1986p 215p [J iP 5 48SMHz 300 
TGS813 24 inches 210p 235p 345p 540p ame oe 5.24288M 390| @ MICROVITEC 1431, Standard 
£6 each 36 inches 2080p 370p 480p 525p ANTEX SOLDERING IRONS D’ CONNECTORS 6.0MHz 140 Res, Colour RGB input 
Holders tor IOC Female Header Socket sump Leads 36 crew sonet Cot 620p wey we sae a elaulia ed 14" incl cable £179 
20pin 26 pin 34 pin 40 pin 18W Op; xS25W 8650p . Zz 
above. 400 Single ended 1680p 200p 260p 300p Spare Bits 5p; Elements 230p | Male 7.0MHz 150 | @ MICROVITEC 1451.14 
Double ended 2290p 370p 480p 525p Iron Stang 175p; HeatShunt 30p Solder lugs aaee. rere a Aone 7.168MHz 4175 Medium resolution £229 
: ingle pins 77328MHz 250 
VOLTAGE REGULATORS SOLDERCON PINS PCB pins 100p 100p 160p 250p | 7.68MHz 200] @ KAGA 12°. Mecres RGB 
1A TO220 Plastic Casing Ideal tor making SIL Female BOMHx 140 Colour. Has flicker-free charac- 
TRANSFORMERS +ve™ —ve or DIL Sockets Solder lugs 90p 1125p t80p 275p | a089333M 395 ters. Ideal for BBC, Apple, VIC, 
3-0-3V; 6-0-6V; 9-0-9V; 12-0-12V, 15-0-15V @ 5V 7805 45p 7905 50p 100 pins 45p | Angie pins 150p 200p 260p 390p | 3.86723M 175 ete €225 (car £7) 
1OOMA 1430p 12V 7812 45p = 7908 50p 500 pins 195p | PCB pins 100p 125p 1895p 355p | gooMHz 200 
PCB8 mounting, Miniature, Split bobbin 15V 7815 48p =—7912 50p 2 10.0MRz 1701 @KAGA 12". As above but 
SVAZ BiEUOZORIZOVIDISRSIERI2VIO ISS. | Oey, Meza: a8p. (rare feo Covers TSP 70P TOp 85P | 10.24MHz 200 | Hi-Resolution £910 (car £7) 
x f Tou re * 
6VA: 2x6V/0.5A, 2x9V/0.3A; 2x12V/0.25A, 7924 50p ALUM BOXES IDC 25 way ‘D' Plug 385p; Socket 450p 10.7MHz 150| @ Connecting Lead for KAGA 
cele 2m0m | TONES EE Bos ase | Goitoe stee ee e2 
' ‘ ip re p x2 x2" ip H 
Standard Soiit Bonin {ype Wh oxtBVRGR 6V 78LO6 30p - - 4x2%x2%" 103p 25 way ‘D’ CONNECTOR (RS232) 14.31814M 170} Carriage £7 Securicor 
SYaR te Moae: 2Reyone. SHEN av 78L08 30p  — 7 4x4x2"  105p Jumper Lead Cable Assembly 15 0MHz 155 eae 
12VA 244SV/14S, 21614: 2<0V06A 2812) | 16y Tarts sop yalis a8p__«| sta4aim’ app | e'longeimjecnd temae  siop|tcomme  ss0, BT TELEPHONE 
eee eee euit amar? | ICLTe&0 245m" TAABso S0p | 5x4x2%" 120p | 36" long, Double Endeg M/M 9895p | 18432M 150 
BAVA: 256V/1. 5A 2A V/N-2K, 2x12V/10 2x1SV' | caige —«375p -TDAI412.—««150p | 5x2%x1%" 90p | 36" long, Double Ended F/F sia |isecamnz iso} CONNECTOR 
BOVA. DuOVIGh 2eOV/25h: 2xi aviak Batsyiien Roa) 35 160p = FL487A tasp | 5x2%x2%" 130p | 36" long, Double Ended M/F 995p | 20.0MHz 150 
2x20V/1.2A, 2x25V/1A 2x30V/0.8A S20p(60p pap) | LM3O9K 1385p = 78HOS + SW/SV550p | 6x4x2" = 120p 24.0MHz 150] LJU1/4A Mini Line Master 435p 
; 78H12+12V/5A 6x4x3" 1850p 24.990MHz 325] LJU1/8A MiniLine Slave 2985p 
SOVA: Qutputs +5W/5A, +12V, +25V, —SV. | 1M317K 250p 6905p | 7x5x3"  180p AMPHENOL CONNECTORS 2669M 150 | LIU 2/4A Line Master 370p 
—12V at 1A 620p (60p p&p) LM317KP = 450p_)— 78HG+5Vtot+25W/5V | 8x6x3 210p IDC SOLDER | 27648M 170 | LJU2/6A Line Slave 250p 
JOOVA: 2x12V/4A: 2x15V/3A, 2x20V/2.5A; LM323K 450p 5A 550p 10x4x3" 240p | 24 way IEEE plug 4865p 4860p | 27.145M 180 | LJU3/4A_— Flush Master 370p 
2x25V/2A, 2x30V/1 5A; 2x50V/1A  955p(75p) | (337 175P — 7HG-5V to-24V/5A, 10x7x3" 275p | 24 way IEEE skt 485p 480p | 386667M 240 | LUU3/6A_— Flush Slave 240p 
P&P Charge to be added over and above our nor M723 Var 30p 785p 12x5x3" 280p 36 way Centronics plug 375p 390p 48.0MHz 240 | LJU10/3A_ Dual Splitter 550p 
mal postal charge 78840 225p 12x6x3”" 295p 36 way Centronics skt 480p 450p 100.0MHz 295 4 WAYBT Plug 65p 
CMOS 4075 25 | 4543 65 Ss Cc Oo 
4076 60 | 4548 40 OPTO TURNED PIN PE IAL FFER 
400020 | 407? 25 | 459-390 | ELECTRONICS Low Profile % 104 The only professional Disc 
4 4 Prot Y 
too2 30. [4081 20 | 4558 tO] DIL SOCKETS Interface for the Spectrum Micro. 
4006 70 } 4082 20 | 4 i unser) 8 pin 18p 
7 ee 50 | TIL209 10 2764-250nS 195 185; 
door 38 fogs =e | aes? 280] TU2tsGAN da | f4IP 4 ij “i SPECIAL OFFER THIS 
4089 120 | 4558 120 | TL2t2 Yel. 14 bs: 
foro | 498325 | 4559 340) THZZOZ' Red = 12 | 95 BR a (27 128-260nS = 2895p = 285p MONTH for ONLY £75 
4011 20 | 4394 70 | 4560 110 | 2” Green, Yellow or 22 pin 39p 
4012 20 | 4095 70 | 4561 Jos: jpAmber 14 Sarin 42p | 61 16LP-3 185p 150p 
4013 30 | 4096 100 | 4562 350 Cee colour 260 28 Bn S2p aa eee 
4097 260 | 4586 160 | Red/Green ip 
fos oe 4098 70 | 4568 250 | Green/Yellow 115p 40 pin 72p| 6264LP-150nS 395p 385p 
4016 25 | 4099 110 | 4569 175 | 0.2" Tri colour Cc Cc Oo 
Sip HE [SEG "a | dare 128 | Reatiwanatow gs COMPUTER CORNER BBC MICR 
4018 55 | 4161 98 | 4580 255 | HtBng 
dois 38 [418298 | 4581128 | HigmBr Green or © EPSON FxB0 Printer 5285 WORDPROCESSING 
4020 50 | 4183 B6 | 458298 | cashingred «= |S @~-EPSONFX100 Printer... £429 
4021 55 @ EPSON LX80 Printer = . £210 
0.2" red 55 
402280 | itga 108 | ases 6s | Sausre LEDs. Red, @ CENTRONICS |NLO) Printer £08 EXAMPLE PACKAGE 
44¢8 850 | 4597 330 | Green, Yellow 30 @ KAGA/TAXAN KP810 Printer ~ veces £199 F 
age 3 4409 850 | 4599 155 | Rectangle Stackable @ KAGA/TAXAN KP910 Printer. . £335 A -compless “ wordprocessing|. package, (Which {eanabe 
4410 725 | 40085 90 | LEDs @ BROTHER HR15 Daisywheel £315 heavily modified to your requirements, maintaining large 
aeey As 44it 750 | 40097 45 | Red.Greenor Yellow18 IBY E Cf: » phen, end ge discount). We supply everything you need to get a BBC 
4028 4o | 4412 805 | 40098 42 | Triangular LEDS Cable for above printers to interface with BBC Micro ame? Micro running as a word-processor. Please call in for a 
4023 45 | 4415 590 } 40100 215 ee =n Ms demonstration. 
4030 20 | 4419 260 | 40101 130 | Green or yellow @ TEX EPROM.ERASER — Erases up to 25 Eproms. Has a builtin Example Package: 
4031 125 | 4422 770 | 40102 = 140 Seca aes. ie safety switch. ; oe settee £30 BBC model 6 Plus, Watford DDFS+ upgrade, Wordwise Rom, 
4032 65 Baap a Faia Br TIL32 InfraRed 52 @ SPARE “UV Lamp Bulb... ve £8 Twin 800K Mitsubisht drives in beige, Zenith 12” Hi-res. monitor 
aoa Nae 4450 360 | 40105 220 | TIL78 Detector 55 @ C12 Computer CASSETTES in Library cases... 32p (Green), Brother HR15 daisywheel printer, Database & Spread- 
4035 70 | 4451 350 | 40106 40 | TIL38 50 @ 82’ & 9'2" Fan Fold paper({1000 sheets).............. £7 (Carr. 1509) sheet software, 10 Discs, 500 sheets fan-told paper, 4way mains 
4036 250 | 4490 450 | 40107 55 | TIL100 ZS trailing sockets, manuals, leads & a carrying for the BBC 
4037 115 | 4500 395 | 40108 325 | BARGRAPH. Red 10 {Securicor-Carriage charge on printers is £7) 
4038 75 | 4501 40 | 40109 100 | segments 275 Only: £999 
4039 270 | Tans ae aor gee ISOLATORS CALLIN ATOUR SHOPFOR A DEMONSTRATION ONANY OF THEABOVE 
ae 35 | 4504 too} 40161 194 | IL74 75 ITEMS. BE SATIZFIED BEFORE YOU BUY OR WRITE IN FOR OUR { 
aeaS 32} 4505 350 | 40163.«=— 75, | ILD74 145 | DESCRIPTIVE MICRO PERIPHERALS LEAFLET. : 
: eR 
4043 45 | 4506 100 | 40173 100 OTE i ats aaa 
4044 50 | 4507 45 | 40174 75 J 
woes 2/55 sda certs 78 | ETE Dotraon 138 54” DRIVES BBC & MICROCOMPUTER 
due, SO ee a8 | aoree "a0 | aNGaF = for the BBC Micro 
4047. ° 50 | 4511 55 | 40182 80 | 4N33 Photo ORI E 
4048 50 | 4512 55 | 40192 Pe preningion bac & ACCESS tS) 
4049 25 ben ace a4 3 % 7 Segment Displays {All Drives are supplied cased with 
4050 28 |e ONES 75 | T1L312.3"CA 120 Power Supply and Utilities Disc BBC Model B PLUS £365 
4051 50 5 115 sd 20 
4052 50 | 4516 ok er a ae @ S200 — Epson Single 200K, 40 track Doubie sided i i 
4053 60 | 4517 278 40245 196 ue a oe ne p 9 We stock the full range of BBC Micro peripherals, 
4054 70 | 4518 5O | 40257 196 ae. Mace ||... Seb onectee tise! : Hardware & Software like, Disc Drives (Top quality 
4519 35 | 40373 220 | THL729/730 140 e shi Single 400K Double sided Fi , “ss = : 
BE RIGS RBI Belcreetcs 1B | ° Seay cima ee Epson & Mitsubishi, Diskettes, Printers, printer, 
4521 110 | 45106 = 5868 : 
aoss ‘400 | 4522 125 FND357 Red 120 * Boies Eat dual 400K, 40 track Double sided fet, ee ‘ ie past nee. Repete 
4060 70 | 4526 70 orto FND500 130 Corder & Cassettes, Monitors, Connectors(Ready 
4061 soo } 4527 60] OCP71 = 120 aceren ch nae © CD800S — Mitsubishi dual BOOK. Double sided 40/80 track switchable made Cables, Plugs & Sockets), Plotter (Graphic § 
one 996 | 478 ao | Gueee = Sel a-a1RedGA 150 es pesca: £179 Tablet) EPROM Programmer, Lightpen Kit, Joys- 
“oes 80 | as30 90} BPx25 250.| 3°t1GreenCA 150 © TWIN Disc drive case with Power supply = ticks, Sideways ROM Board, EPROM Eraser, 
(Se EBay Se SEERE UR | | ene cecccecttt | Mthenebe ou the nly egmicacs 
foes 2o | 4534388 LCD 6 Digits 628 A a a ad ford's 16K BEEB DFS, WORDWISE, BEEB-CALC, 
4070 25 | 4536 250 Retiective Switcn 225 (Securicor Carriage.on Drives £7) Software (Educational Application & Games), 
4538 70 SLOTTED Optical ge. s). 
pa 20 4539 80 Switch similar to RS @ DISC INTERFACE KIT complete. 20.2... ee £56 BOOKs, etc, etc, Please send SAE for our descrip 
4073 20 | 4541 95 Comp's 295 @ DFS Manual (comprenensivej (NO VAT)... ...... rr tive leaflet. 
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Unit 1, 
Hill Farm Industrial Estate 


Boxted, Colchester 
Essex CO4 5RD — 


Telephone orders: 0206 364 12 
Telex: 987756 


LINEAR [ets L386 Mig924 sLage TLoB4 EADBOARDS = CAPACITORS 


F347 LM387 ML925 SL4g0 TL170 ; 
S55CMOS 58 —LF 351 LM393 ML926 SN76477 TL170 Protobloc breadboards are extremely : Mini polyester 63V DC type 
S56CMOS 150 LF353 LM710 ML927 SPO2S56AL2 ULN20003 useful for quick construction of 3 =. 1n, 2n2. 4n7. 10n. 22n, 5p, 47n. 
709 2 LF356 LM714 ML928 Data on above ULN2004 electronic circuits without 7 100n, 6p; 220n. Sp: 470n. 13p. 
Tat LM301A LM725 ML929 TBAGOD ULN2803 soldering. All sockets are on a f ial haad type. 
748 LM311 LM741 NES31 TBAB10 XR2206 2.54mm pitch enabling DIL r Sm en ge Cou, 22u 
AY-3-8910 LM318 LM747 NES55 TBA820M ZN414 circuns and a wide range of 25V Sp. 47u 25V 7p; 100u 25V Bp; 
AY-3-8912 Lw3za Lm1458 NES56 TCA940 2N423 1 components to be plugged 220u 25V 13p: 470u 16V 14p. 
CA3046 LM334Z LM2917 NES65 TDA1022 ZN424 in to the board. The contact pattern coritains two separate contact groups each of 1000u 16V 20p: 1000u 25V 30p; 
CA3080E LM335Z M3909 NES66 TLO6* ZN425E tows of 5 interconnected contact sockets. Bus sirips are provised for power use. 2200u 16V 34p. 2200u 25V 4zp. 
CA3130€ LM339 LM3914 NES67 TLO62 ZN426E Ail contact positions are clearly marked on an alphanumertc gric. Supplied : 
CA3140E LM348 LM3915 NE570 TLO64 2N427E complete with approx. 20 layout sheets. Two sizes are available: Tantalum bead. 
CA3240E LM3S8 LM13600 NES71 TLOT1 ZN428E #5 O.1u, 0.47u, Ju 9% 35V 6p: 2u2 & 
ICL7106 LM377 MC3302 NESS32 TLO72 ZN435E ie poi mayo, 25V 6p. 4u7 @ 25V Bp, 10u @ 25V 
ICL7611 L380 MC3340 NES534 1074 2N448E Fenoth ae eipomnts i pin devices ve 1dp; 22u % 16V 18p; 47u @ 16V 40p. 
ICL8038 LM381 MF10CN RC4136 TLO81 ZN459 80mm 60mm 390 29 3 Ceramic disc SOV. 
ICLB211A ML922 RC4558 ZN1034E 172mm 65mm 840 64 7 100p-10n 3p each; 100n 25V 6p. 


BC214L MPF102 TIP42A 2N2904A 37266. 280 CONNECTORS 


BC237 MPSA12 TIP120 2N2905, 600 PCB PCB 
8C238 TIP294 TIP124 2N2905A plug plug Edge 
BC327 TIP29C TIP122 2N2907 - 8156 3 st. rang. skt. conn 
BC328 TIP30A TIP2955 2N2907A 2732 one time 80 90 
BC337 TIP30C TIP3055 2N2926 Programmable a 90 
8C338 TIP31A VN1OKM 2N3053 2732 280 8239 400 410 
8C477 TIP31C VNA6AF 2N3054 2764-250 240 120 
8C478 TIPS2A VN66AF 2N3055 2764-BBC 240 ZB0ADMA 
21 BC4739 TIP326 VN88SAF 2N3702 
C B¢s17 TIP3GA ZTX109 2N3703 ' 
BC183L BC547 TIP, ZTX300 2N3704 | 
BC1B4 BC548 TIP34a ZTX800 2N3705 HARDWARE PCB EQUIPMENT 
BC184L ACS49 . TIPS. ZTX502 2N3773 
BC212 BC557 TIiP35A 2N2221A 2N3819 PP3 battery Clips peta Comprehensive /range‘ct:s 
BC212L. 8C556 TIP35C 2N2222A 2N3866 Red or black crocodile clips PI 675 
BC213 BcY70 MJ2955 99 —TIP36A 2N2369 2N3904 Parr ultrasonic transducers Exoo Reliant 12V PCB dri! aS 
BC213L BCY71 MJE340 50 TIP38C 2N2646 2N3906 20mm panel-fuseholder Expo Titan 12V PCB drill 304 


BC214 BCY72 MJE3055 70 TIPA1A 2N2904 2N5457 6 ar 12V electronic buzzer Dnill stand to suit 1250 
Variable speed power supply 1440 
GSmin, chien mit spe sket, 0.8, 1.0 or 1.4mm drill 60 100.x 160mm 
66mm 64 chm min. speaker . 1.0 of 1.4mm drills x 


A . i 233.4 x 220 
12 way ‘chocolate block’ Photo-etch PCB (Professionai quality) 
RESISTORS COMPONENT KITS Red or amber panel neon ene gounle aos . Ee 
: side side 
Carbon film by Our component kits offer a considerable saving when buying a complete range of 100 x 160mm 180 200 Etch resist pen 


0p 
Yaw s easronm eM Ad components. Ideally suited for re-stocking etc : 233.4x 220mm = 660 640 Full range of PCB transfers also available 
Metal film 0.26W Resistos kit. Contains 1000 0.25W 5% resistors from’4. 7ohms thru to 10M Wy eran Seri 160 1320 —“8ee.catalogue 


1/4W 1% 1Dohm-1M 3p Quantities depend upon popularity ie. 10X10r, 30x470r, 30X10K, 25x470K. Just £7.90 


25+ price applies to 25+ per value each 
SIL ‘Balcion nelworks Ceramic capacitor kit. Tota! of 240 miniature ceramic capacitors from 22pF thru to | VERO | | RIBBON CABLE | CABLE 


8 resistor 9 pin type 20p O.1uF, Just £6.90 each a at ace ae 16m Veroboard, Size 0.1 matrix Grey per foot 100ft ree! 
: Polyester capacitor kit. Total of 110 miniature polyester capacitors from 0.01u to puera 25x14 2625x375 10 way 14 650 


: 0.47UF Just £6.90 each J Both the above represent 375 x5 120 375x17 16 way 1050 
BRIDGE RECTIFIERS Radial efectolytic kit. Total of 93 miniature radial electrolytics from 1u 63V thru to 2200u saceptonal value: Wa havelseenisimiler 4.75x17 495 VQ board 20 way 1310 


tools advertised at £51!! 
1A SOV 20 2A 200 40 16V dust £7.50 each Bib wire stripper Veropins per 100 EH aay 1360 


1A 200V 25 2A 400V 4 Preset kit, Total of 110 miniature, horizontal mounting presets from 100R thru to 1M. Just fF Automatic wire stripper single sided 55 double sided 40 way 2650 


1A 400V wv 6A 100V 80 
iasoov 38 «=A 400s gw SP CBN Ught duty cutters Spot face cutter 150 50 way 3320 


NEW CATALOGUE 


78L05 LM338K «680 
Ultraminiature SPDT relay rated 2A 

eben OCLC Tee oe 6 or t2Vv Low Wire Our new fully llustrated 84 page catalogue is now 
Speaker cable 10p/M 7805 Ultrainiature DPDT relay rated 2A profile wrap available. Contains over 3400 stock lines at the 
Standard screened 16p/M 7812 6 or 12V 26p F most competitive prices in the market. We now sel! 
Twin screened 24p/M 7815 Miniature relay SPDT rated 10A 48p Bmore components that all the other mail order 
3 core 2,5A mains cable 23p/M LM317K 230 Gor 1av 55P 3 companies put together! When you have our new 
Four core screened 35p/M LM317T 90 Miniature relay DPDY rated 5A §5P. 8 catalogue it's easy to see why! Price just £1 

LM323K 420 , 6 or 12V 75p including postage (includes £1 discount voucher) or 


free with orders Over £20 In value Send for your 


" Boe: now! 
P aoe 
5 (ea BY127 12s 1N4001 DIN Plug Skt Jack Plug Skt AVAILA BLE NOW 


OA47 = 10s 1N4OQ2 2pn BB 2Smm 

Se ae OAg0 +N4008 3 pin 13 35mm 
3orsi S Ss Ag) 1N5401 Spin 13° .26in 

erase A200 iN5d04 Phono 14 Stereo sas 

Sr superohant A202 1N5406 4mm plugs and sockets red or black res 

oarey trie clout 1N914 400mW zeners Plugs 12 ease size 

eet 1N4148 1.3W zeners Anim terminals 36 Sieg 


MOC3020 7 LS126 
LS132 


Seven segment displays 

0.3m common anode or cathode Piug solder lugs iia BOXES panne 3 18138 
0.5in commen anode or cathode Al. angle PCB plug i ann 260 Ww ; a isiaa 
0.561n common anade ar cathode Socket solder lugs 50 65 120 71X45X22mm LS151 
10 bar DIL LED array (20pin DIL) Rt.angle PCB skt 115 170 «©2900 350 95X71X35mm iS184 


High efficiency red Cover 70 80 80 95 140X90X55mm i LS155 


LS95 


Gold flashed : : TORS XG SWITCHES 


Ba way AtB 6.0MH, ThNe 
4 way At: Bo iMHz .OMHz Bek, & 
h Gaway ALC Gate 8 i44Meie Low cost DIL switch her 
96 way A+8+C Me sagem OMHz 4 way 8 pin 70 
" : 6 way 12 pin 80 
som LOOM 8 way 16 pi 90 
2.4576 12.0MHz E peal 
3276 16 OMHz Submin toggle switches 


ZX81 23 way edge connector BkOMHz 18.0MHz SpsT ee 
Spectrum 28.way edge conn ST 55 SPDT 60 DPDT 65 


24 way IEEE male y Miniature toggle 
36 way Centronix male K = SPDT 60 SPDT centre off 65 


SOLDERING RONS DPOT 70 OPDT centre off 75 j — 7495 


POTENTIOM ; am Standard toggle i d iee 


: 43 ers - j SPST 35 DPOT 48 7. r 
Singia pots 4700hms-2M2 jee ij 7 5. ee 


Stero pots 1K-2M2 Miniature push to make 15 aay 

Switched pats 1K-2M2 High quality desolder tool 480 Miniature push to break 25 7a1a2 

Shder pois SK-S00K (60mm) Antex CS 17W soldering iron 480 giaa’euitenex DEBT 1 ‘ tes 

Min. hor. prasels 100-1M Antex XS 25W soldering iron 500 Midalure 14 Sanaa 46 i af i1ea 

Single turd cermet 100-1M iron stand to suit CS or XS 170 if patsy 

20 turn cermat 10ahms-500K. 10 metres 22 swg solder 75 74161 
) D SK rees 22 swg solder 750 


" Bs ORDERING INFO. Ali components brand new and to full spec 
ig J " All prices exclude VAT — please add to ‘otal order. Please add 

i eee = Op Carriage to all orders under £20 in value. Minimum order 

value £5. Send cheque/PO or Access/Visa number with ordar, 

ke, Same rey des patch * ‘Lo west rices Ee 
, Telephone orders welcome with Access of Visa. Ollicral orders. 


weicome trom colleges. schools, public companies. etc. Export 


oo Brand new components: * In-depth stocks” ee ee 


NEWS:NEWS:NEWS:NEWS:NEWS:NEWS:NEWS 
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Acorn 
Masters Some 
New Tricks 


T he continuing association 
between Acorn Computers 
Ltd and the BBC has been reinfor- 
ced with the introduction of a 
new range of microcomputers 
called the Master Series. 

Said to have been developed 
as a result of feedback from users 
ofAcorn’s BBC B microcomputer, 
the main machines in the new 
range are fully compatible with 
existing software and peripherals 
yet differ markedly from both 
the original BBC B and the recent 
B+ 128. 

The foundation of the new 
range is the Master 128, an 8-bit, 
65C12-based machine’ with 
128K of RAM. It incorporates all 
the features of the BBC B plus a 
battery backed-up real time 
clock, improved graphics, and a 
suite of on-board software. 

An internal expansion slot 
allows the Master 128 to be up- 
graded by the addition of a co- 
processor board. By adding a 
65C102 processor board the 128 
becomes the Master Turbo, an 8- 
bit machine which offers an extra 
64K of memory and increased 
speed. Acorn say the Master 
Turbo beats all records for BASIC 
interpreting that they are aware 
of. 

Adding an 80186 co-processor 
board to the Master 128 pro- 
duces the Master 512, a sixteen 
bit machine with 512K of RAM 
which uses Digital Research's 
DOS-plus operating system to 
enable it to run MS-DOS soft- 
ware. This makes it compatible 
with a wide range of commercial 


and professional software. It also 
comes complete with an Acorn 
mouse and Digital Research's 
GEM software including Gem 
Desk Top, Gem paint and Gem 
Write. 

The top machine in the range is 
the Master Scientific which usesa 
32016 co-processor board run- 
ning at 8MHz. This provides 32- 
bit processing with 1Mbyte of 
RAM and hardware floating point 
support. It can handle a wide 
range of languages used in the 
engineering and scientific fields 
including Fortran 77, C, ISO 
Pascal and many others as well 
as BASIC. 

The final member of the new 
range is the Master Econet Ter- 
minal, a modified version of the 
Master 128 which includes an 
Econet interface and the new 
Advanced Network Filing System. 
It excludes some of the features 
ofthe 128 whichare not required 
on an Econet system and there- 
fore costs about £100.00 less. 
Those who require full facilities 
plus Econet working can add an 
Econet upgrade board to the 
Master 128. 

The external styling of the 
Master series is similar to that of 
the BBC B but the case is about 
125mm(5”) widerandis stepped 
so that the keyboard islowerthan 
the rest of the case. The BBC B 
keyboard layout has been re- 
tained complete with ten func- 
tion keys but a 20-key numeric 
pad has been added to the right 
of the main keybaord and the 
BREAK key incorporates a screw- 


driver lock to prevent acciden- 
tal operation. 

Two sockets are provided 
which will accept Electron-style 
ROM cartridges of up to 256K 
and there are also three internal 
ROM expansion sockets, one of 
which takes 128K ROMS while 
the other two will accept 128K or 
256K ROMs. In addition to the 
internal TUBE connection ‘used 
for the upgrade boards there is 
also an external TUBE socket. 
This will allow the connection of 
second ‘processors other than 
those on the upgrade boards, for 
example, one of the existing Z80 
second processors. All of the 
other connections present on the 
BBC B and B+ are included and 
there is also a new audio output 
socket. 

The suite of on-board software 
includes a. VIEW-3 _wordpro- 
cessor package, a VIEWSHEET 
spreadsheet and BASIC 4, an 
enhanced version of the BBC 
BASIC programming language. 
New graphics commands extend 
the range of facilities available on 
the BBC B to include colour mix- 


ing’and allow easier and faster 
graphics development and man- 
ipulation. 50 bytes of battery 
backed-up CMOS RAM is also 


provided, allowing power-up 
default conditions to be defined 
in a rather more comprehensive 
fashion than was possible using 
the keyboard links on the 
BBC B. 

The Master 128 is available 
now and costs £499.00 including 
VAT. The Econet upgrade board 
for the 128 is also available now 
and costs £49.99 inclusive. The 
Master Econet Terminal should 
be available by the time you read 
this at a cost of £399.00 along 
with the Master Turbo upgrade 
board which will cost £125.00, 
both prices inclusive of VAT. The 
Master 512 upgrade board and 
the Master Scientific upgrade 
board will both become available 
during the second quarter of 
1986 at prices which have yet to 
be announced, 

Acorn Computers Ltd, Cam- 
bridge Technopark, 645 Neéw- 
market Road, Cambridge CB5 
8PD, tel 0223-214411. 


The Newrad 
Case 


hose who have followed the 
‘H saga of Newrad Intstrument 
Cases Ltd will be interested to 
learn that the Sheriff of the High 
Court has taken walking poses- 
sion of the company’s assets. 
Whilst this does not mean that 
the company has gone into liquid- 
ation it does imply that Newrad 
will not be able to fulfil orders or 
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make refunds in respect of orders 
already placed. 

Under no circumstances should 
any further orders be placed with 
Newrad, nor should any money be 
sent to them for any other 
reason. 

Unfortunately, it seems unlikely 
that those who have orders out- 


‘standing with Newrad will get 


either their goods or their money 
back. Readers who find them- 
selves in this position are invited 
to contact us so that we can keep 
them informed should  cir- 


cumstances change. 


Those who have ordered kits for 
the John Linsley Hood Audio 
Design amplifier from Newrad 
and have not received all of the 
parts may like to know that Hart 
Electronic Kits can supply the 
MOSFET transistors required. 
Their address is Penylan Mill, 
Oswestry, Shropshire SY10 9AF, 
tel 0691-652 894. None of the 
other components specified 
should prove difficult to obtain. 
The cases shown in the illustra- 
tions in the article were made by 
Newradand are therefore no lon- 
ger available, but cases with 


.similar dimensions can be 
obtained from a number of 
suppliers and should prove an 
acceptable alternative. 

The printed circuit boards for 
the amplifiers have hitherto been 
available only from Newrad but 
we will shortly be able to supply 
them through our own PCB Ser- 
vice. We hope to include prices 
next month. Meanwhile, the com- 
plete series of articles has been 
reprinted in the Winter, 1985/6, 
issue of Electronics Digest and 
the boards can be obtained from 
them. 


164 200ns 
EPROMS 2716 £4.50 


8748 £15.00. 


Thousands of IC’s EX STOCK send SAE for list. 


RAMS 8 for £14.95 4116 300 ns 

2112 £10.00 2114 £2.50 2102 £2.00 6116 £2.50 
2732 £3.00 2764 £4.95 
27128 £5.50 6800 £2.50 6821 £1.00 68A09 £8.00 
6BO9 £10.00 8085 £5.50 8086 £15.00 8251 £7.00 


a209998 


BATT 


Ory Fit MAINTENANCE FREE by Sonnenschein 
A300 07191315 12v 3ah as RS 591-770 NEW £13.95 
4300 07191312 6v 3ah as RS 591-360 NEW £9.95 

A300 07191202: 6-0-5v 1.8ah as RS 591-382 Ex Equip 
3.6v 100 mah PCB mount as RS 591-477 NEW£L1.00 See eeceeecsscccccccs 


£5.99 


Japanese Half height, 80 track double sided 
disk drives by TEAC, TOSHIBA etc. Sold as 
NEW with 90 day guarantee ONLY £125.00. 
SUGART SA4 S FH 35 TRK £55.00 
SIEMANS FDD100 SS FH 40 TRK £75.00 
carriage on 5%” drives £5.50 

Brand NEW metalcases with internal PSU etc 
for above drives, below cost!!! 

DSKC 1 for 2 HH or 1 FH 5%” drive £39.95 
+pp£4.50 DSKC 2 for1 HH or1 FH5%” drive 
£29.95 + pp £4.50 


8” Refurbished standard units. 
SUGART 801 SS £175.00 + pp £8.50 
SUGART 851 DS £250.00 + pp £8.50 


PRIN LRRR PREIS prepare awe 
complete with PSU etc, £595.00 
8” DRIVE PSU for 2 drive units £45.00 


Hard Disk Drives 

DRE/DIABLO Series 30 2.5 Mb front load, 
£525.00, Exchangeable version £295.00 
ME3029 PSU for above £95.00 

DIABLO 44/DRE4000A, B 5+5 Mb from 


Te AR wk 5+5 Mb £795.00 
CDC 9762 80 Mb RMO3 etc £2500.00 
PERTEC D3422 5+5 Mb £495.00 
RODIME 10MB ST506 Winchester NEW 
£299.00 
BASF 6172 23Mb Winchesters, as seen 
£199.00 
Carriage on other drives £10.00. , 
Unless stated all drives are refurbished with 
90 day guarantee. Many other drives and 
Spares in stock - cail sales office for details, 


Join the communications revolution with our 
super range of DATA MODEMS, prices and 
specifications to suit all applications and 
budgets... 
BRAND NEW State of the art products, 
DACOM DSL2123 Multi standard 300-300, 
1200-75 Auto answer etc. £268.00 
DACOM DSL2123AD Auto dial, smart 
modem with multi standard AUTO SPEED 
detect, and data buffer with flow control 
ete £365.00 
DACOM DSL2123GT The CREAM of the 
intelligent modems, auto dial, auto call, index, 
buffer etc etc. £498.00 
STEEBECK SB1212 V22 1200 baud FULL 
DUPLEX, sync or async, optional auto dial, 
£465.00 
TRANSDATA 307A Acoustic coupler 300 
baud full duplex, originate only, 
RS232 9.00 
ISTHE IRIE STIS OSTEO IARI IO OER IODE 
Ex BRITISH TELECOM full spec, CCITT, 
tuggedised, bargain offers. Sold TESTED with 
data Will work on any MICRO or system with 
RS232 interface. 
DATEL 2B 300 Baud Modem see SPECIAL 
OFFER. 
MODEM 13A 300 baud unit, only 2” high fits 
under phone. CALL mode only £45.00 
MODEM 20-1. 75-1200 baud. Compact unit 
for use as subscriber end to PRESTEL 
TELECOM GOLD, MICRONET etc £39.95 


hee £6.50 

MODEM 20-2 1200-75 baud. Sameas20-1 but 
for computer end, £65.00 + pp £6.50 
DATEL 2412 Made by SE labs for BT this two 
part unit isfor synchronious data links at 1200 
or 2400: baud using 2780/3780 

4 Protocol etc. Many features include 2 or 4 wire 
working, self test, auto answer etc. 
COST OVER £800 Our price ONLY £199 


BaF, £8.00 : 
DATEL 4800, RACAL MPS4800 baud 
modem, EX BT good working order, ONLY 
£295.00 + pp £8.00 

SUMMER OFFER 
MODEM TG2393. Ex BT, Up to 1200 baud, full 
duplex over4 wire or half duplex over2 wire line. 
ONLY £85.00 PER PAIR + pp £10.00 


. For more information 
CONTACT OUR SALES OFFICE 


Es 


Yuasa 


: Fa ae ee + 
___ COOLING FANS 
Keep your hot parts COOL and RELIAB: h 
our ange of COOLING FANS 
ETRI 126LF21 240v 5 blade equipment fan 
Dim. 80 x 80 x 38mm £9.95 
ETRi 68XUOI Dim. 92 x 92 x 25mm 
240v equipment fan, complete with finger 

uard NEW £9.95 

OULD JB-3AR Dim. 3” x 3” x 2.5" compact 
very quiet running 240v operation. 
NEW £6.95. 
BUHLER 69.11.22 8-16v DC micro miniature 
reversible fan. Uses a brushless servo motor for 
extremely high air flow, also silent running and 
guaranteed 10,000 hr life. Measures only 62 x 
62 x 22mm. Current cost £32.00. OUR PRICE 
ONLY £12.95 complete with data 
MUFFIN-CENTAUR standard 4” x 4” x 1.25" 
fans 110v OR 240v NEW at £10.50 or tested 
EX EQUIPMENT 240v £6.25 or 110v £4.95. 

1000’s of other fans Ex Stock. 

Call for Details. Post & Packing on all fans £2.00. 


ALPHAMERIC 7204/60 Full travel ASCII, 
60 key with parallel output and strobe. 
£39.95 

DEC LA34 Uncoded keyboard with 67 
quality gold plated switches on X-Y matrix — 
ideal micro conversions etc. £24.95 
AMKEY MPNK-114 Superb word processor 
chassis keyboard on single PCB with 116 
keys. Many features such as On board 
Micro, Single 5v rail, full ASCII coded 
t set + with 31 function keys, 
Numeric keypad, cursor pad and 9600 baud 
SERIAL L ASCII 
£69.00 with data. 


character 


OUTPUT!! ONLY 


Carriage on all Keyboards £3.50 


ry 
PLESSEY Lid this 
compact unit, only 
Slightly larger than a 
telephone, features an 
all in one TELEPHONE, 
24 x 40 character CR 
screen, VIEWDATA- 
PRESTEL modem, 
Keypad and electronics to run as a fully 
fledged PRESTEL terminal or telephone 
Ready to plug direct into a BT 600 type jack 
socket and instantly connect you to 
PRESTEL etc. Many other features include 
Memory dialling, Recall button, Off line screen 
data storage, Picture expand, Standard 
Mullard LUCY chip_set, Integral 5” JVC crt 
monitor, etc etc. Designed to sell to the 
EXECUTIVE at over {£600!! But from 
DISPLAY, BRAND NEW AND BOXED at 
only £99.00 for DTMF tone dial or £140.00 
for standard DiAL PULSE version. 


socceee HOT LINE DATA BASE so+scees 


+ DISTEL 3 


«The ORIGINAL FREE OF CHARGE dial up data 
¢base. Buy, browse or place YOUR OWN AD fore 
«goods or services to sell. 1000's of stock items,* 
- sete and one off bargains. Updated daily. 
ON LINE NOW. CCITT, 8 bit word, no parity. 
For 300 baud modems call 01-679 1888 
For 1200-75 baud modems call 01-679 6183 


errccoveceece 


Manufacturers BRAND NEW surplus. 


A MASSIVE purchase of these attractive stand aloné 
terminal units enables a SUPER BARGAIN offer. Made by 
the US GENERAL ELECTRIC CORPORATION the GE 
MODEL 30 features a standard QWERTY 80 key 
electronic keyboard coupled to a quality built matrix. 
printer with variable 3” to 9.5" forms tractor. The printer is 
capable of continuous duty printing, with up to 120 
characters per line. Standard RS232 interface accepts 
ASCII data at 110, 150 or 300 baud. Ideal for Terminals, 
Data loggers, local label printing, or just as a printer!] Sold 
TESTED with data ONLY £95.00. Also available with 
TWIN MAGTAPE CASSETTE unit for data capture, data 
preparation etc £150.00 Carriage £10.00. 


‘SYSTEM ALPHA’ 14” COLOUR MULTI INPUT MONITOR 

made in the UK by the famous REDIFFUSION Co. for their own professional 
computer system this monitor has ali the features to suit your immediate and 
future monitor requirements. Two video inputs: RGB and PAL Composite Video, 
allow direct connection to the BBC and most other makes of micro computers 
and VCR's. An internal speaker and audio amplifier may be connected to your 
systems output or direct to a VCR paciie Bling superior sound quality. Many 
other features included PIL tube, Matching BBC case colour, Major controls on 
front panel, Separate Contrast and Brightness - even in RGB mode, Two types of 
audio input, Separate Colour and audio controls for Composite Video input, BNC 
plug for composite input, 15 way ‘D’ plug for RGB input, modular construction 


etc etc. 
This Must be ONE OF THE YEAR’S BEST BUYS 
Supplied BRAND NEW and BOXED, complete with DATA and 90 day guarantee. 
SUPPLIED BELOW ACTUAL COST - ONLY £149.00 


DECCA 80 16” COLOUR monitor. RGB input. 
Little or yee used manufacturers surplus enables us to offer this special 
converted DECCA RGB Colour Video TV Monitor at a super low price of only 
£99.00, a price for a colour monitor as yet unheard ofl! Our own interface, safety 
modification and special 16” high definition PIL tube, coupled with the tried and 
tested DECCA 80 series TV chassis gives 80 column definition and picture 
quality’ found only on monitors costing 3 TIMES OUR PRICE. In fact, WE 
GUARANTEE you will be delighted with this product, the quality for the price, 
has to be seen to be believed. Supplied complete and ready to plug direct to a 
BBC MICRO computer or any other system with a TTL RGB output. Other 
features are: internal speaker, Modular construction, auto pepausen circuit, 
Attractive TEAK CASE, compact dimensions only 52cm W x 34 H x 24 D, 90 da 
Sueenies Although used, units are supplied in EXCELLENT condition, ONL 
‘99.00 + Carr. ; 
DECCA 80, 16” COLOUR monitor. Compositve video input. Same as above 
model but fitted with Composite Video input and audio amp for COMPUTER, 
VCR or AUDIO VISUAL use. ONLY £99.00 + Carr. 
REDIFFUSION MARK 3, 20” Colour monitor. Fitted with standard 75 ohm 
composite video input and sound amp. This large screen colour display is ideal 
for shops, schools, clubs and other AUDIO-VISUAL applications. Supplied in AS 
NEW or little used condition ONLY £145.00 + Carr. . 


BUDGET RANGE EX EQUIPMENT MONOCHROME video 


monitors. 

All units are fully cased and set for 240v standard working with composite video 
inputs. Units are pre tested and set up for 80 column use on BBC micro etc. Even 
when MINOR screen burns exist - normal data displays are unaffected. 

12” KGM 320-1 B/W high bandwidth input, will display up to 132 x 25 lines, 


2. 
53? @REen SCREEN version of KGM 320-1 Only £39.95 
9” KGM 324 GREEN SCREEN fully cased very compact unit Only £55.00 
9” HITACHI VM-906E/K Black and White screen £49.95 


Carriage and insurance on all monitors £10.00 


GOULD OF443 enclosed, compact switch mode supply wit regulated outputs of 
+5v © 5.5a +12v @ 0.5a -12v © 0.14 and-23v @ 0.02a Dim 18 x 11 x 6 cm. 110 or 
240v input BRAND NEW only £14.95 
GOULD G6-40A 5v 40 amp switch mode supply NEW £130.00 
GREENDALE 19A-BOE Switch mode 60 watt open PCB with a fly regulated DC 
output of 5v @ 6 amps, and three semi roguisted outputs of +12V, -12V+15V @ upto 1 
ane. Dim only 11 cm x 20 cm x 5.5 cm. Similar to RS 591-994. 110 or 240v AC input. 
TESTED ex Solpment Only £24.95 
AC-DC Linear PSU for DISK drive and SYSTEM applications. Constructed on a rugged 
ALLOY chassis to continuously supply fully regulated DC outputs of +5V @ 3 amps, -5V 
@ 0.6 amps and +24v @ 5 amps. Short circuit and overvoltage protected. 110 or 240 V 
AC input. Dim 28 x 12.5 x 7 cm NEW £49.95. 

Carriage on PSU's £3.00 


$i ae TAL 300 


@ 300 baud full duplex 
@ Full remote controi 

@ CCITT tone standards 
@ Supplied with full data £ 
@ Modular construction 

@ Direct isolated connection 


ity 


£29.79 
i . e 


Another GIGANTIC purchase of these EX BRIT! ql 

NEW or litile used 2B data modems allows US to make the FINA 

REDUCTION, and for YOU to join the exciting world of data 

communications at an UNHEARD OF PRICE OF ONLY £29.95. Made to 

the highest POST OFFICE APPROVED spec at a cost of hundreds of 

pounds each, the 2B has ail the standard requirements for data base, 

business or hobby communications. All this and more!! 

i @ CALL. ANSWER and AUTO modes 
Z @ Standard RS232 serial interrace 

jo’ ONEYE> @ Built in test switching 

@ 240v Mains operation 

@ 1 year full guarantee 

@ Just 2 wires to comms. line 


BT 600 Jack plug and cable £2.25 Carriage and Ins. £10.00 


Standard VDU data entry terminals at give away 
prices! 
QUME QVT108. Current product, state of the art 
terminal with detachable keyboard, 12” green 
screen, 2 page RAM, TVI 925 emulation, 25 x 80, 
Clock, Swivel.and tilt base, punter pork Function 
keys etc BRAND NEW and BOXED AT ALMOST 
HALF PRICE Only £425.00 
AJ510 - EX RENTAL, Z80 controlled, 15” 
green screen 24 x 80 display, graphics, cursor 
addressing, printer port etc. Very good condition 
TESTED complete with manual only £225.00. 
ADDS 520- Dumb terminal, used, 12” b/wscreen 
RS232 interface and printer port. TESTED. 
ONLY £125.00 
Carriage on terminals £10.00 
100's of other terminais in stock, 
ALL for more details. 


a All prices quoted are for U.K. Mainiand, paid cash with order in Pounds Sterling PLUS VAT. Minimum order value £2.00. 
Minimum Credit Card order£10.00. Minimum BONAFIDE account orders from Government Depts. Schools, Universities and 
established companies £20.00. Where post and packing not indicated please ADD £1.00 + VAT. Warehouse open Mon-Fri 
9.30-5.30. Sat 10.30-5.30. We reserve the right to change prices and specifications without notice. Trade, Bulk and Export 


32 Biggin Way,. Upper Norwood, London SE19 3XF._ 
Telephone 01-679 4414 Telex 894502 Data 01-679 1888 | 
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GrunDig For Victory 


A s part of the efforts by the 
new Grundig management 
to revive the company’s flagging 
fortunes, a new range of video 
products has been announced. 
The VS380 hi-fi stereo video 
recorder has reached the market 
after some delay. Like its smaller 
sister, the mono VS310, the 380 is 
a VHS machine offering 40 chan- 
nels and up to ten pre-pro- 
grammable events. The usual 
advanced features are included, 
and the 380 alkso offers ‘long play’ 
which doubles effectivetapetime 
to 8 hours. Both machines feature 
the new Auto Tape Time Select 
(ATTS) tape counter system 


which measures the exit and 
entry angles of the tape from and 
to its cassette and uses a microp- 
rocessor to calculate and display 
tape time used and remaining. 

As if to demonstrate their firm 
committment to the VHS system, 
Grundig have also released their 
first VHS camcorder, the VS150, 
which uses standard cassettes 
andfeatures autofocus, 6:1 motor 
zoom, electronic assemble edit- 
ing and record review. The VS150 
weighs 2.5kg, without its accumu- 
lator and sells for around £1350. 
The VS310 is priced at around 
£440 and the VS380 at around 
£650. 


Smooth Con Merchants 


A Welsh company, Conblock 
Electrical, are supplying a 
four outlet, domestic mains filter 
for use with home computer 
systems. The unit plugs into a 
standard 13A socket and is rated 
at 6A maximum. 


Attractively styled in grey 
moulded polycarbonate, the 
Smoothline costs'no more thana 
couple of computer games,’ say 
Conblock,‘and allows the enthu- 
siasts to almost totally eliminate 
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system problems caused by in- 
terference transmitted via the 
mains supply.’ 

The unit is supplied complete 
with mains lead, mains plug and 
four miniature plugs for connec- 
tions to a computer and various 
peripherals. 

Contact: Conblock Electrical 
Ltd., Mochdre Industrial Estate, 
Newtown, Powys SY16 4LF (tel: 
0686-27100). 


EPSON-Line 


P urchasers of new Epson 
computers and printers will 
receive free membership of 
EpsonLink, an electronic mail 
service run on Telecom Gold. 
EpsonLink promises next-day 
delivery anywhere in the UK or 
USA and also allows users to 
transmit to any Telex terminal in 


the World without Telex equip-. 


ment. The system also allows 
users to receive information from 
several databases not subscribed 
to directly. Itis aimed particularly 
at the users of portable com- 
puters, which Epson specialise 
in. 
Not 
Disc-ontinued 
W ay back in our January 
1986 issue (you know, the 
one that came out in December 
1985) we offered atwin 3”in disc 
drive unit in conjunction with 
Watford Electronics at a special 
price, 

Unfortunately, our February 
1986 issue (which should come 
out in January but is printed in 
December to avoid the Christmas 
holidays) was distributed almost 
as soon as it was printed, appear- 
ing on some news-stands as early 
as the 19th December. As a 
result, the January issue (which 
comes out in December, remem- 
ber) was on sale for less than two 
weeks and many people missed it 
(if all this sounds confusing to 
you, think how much worse it is 
for us as we sit here, in January, 
writing the March issue (which 
comes out in Feburary,) and 
planning the April issue). 

Because so many people missed 
the January issue, we have 
decided to extend the period for 
which the Watford disc drive 
offer is available. : 

The unit consists of two 3%2” 80 
track, double-sided, double den- 
sity disc drives in a steel case 
which is coloured and styled to 
match the BBC microcomputer. 
The disc drives will work with 
other machines, of course, but 
they are provided with leads 
ready for dirétt connection to a 
BBC and come with a free utility 
disc containing a game for the 
BBC. The capacity of the drives is 
two megabytes total unformat- 
ted which represents 327K per 
side formatted. 

The cost of the twin disc drive 
unitis £140.00 plus VAT, a total of 
£161.00. Postage and packing is 
included in this price. Cheques 
should be made payable to Wat- 
ford Electronics and sent to us at 
the addresson the contents page. 
Please mark envelopes ETI(DD) 
to ensure prompt attention. 


Be A PAL 


C opies of the latest edition of 
the Monolith Memories Pro- 
grammable Logic Handbook are 
available free from MMI. The 
catalogue includes PAL and Pro- 
grammable Logic Elements appli- 
cations and data sheets and a 
number of technical articles that 
might be of interest. The cata- 
logue can be obtained from Mon- 
olith Memories Ltd., Monolithic. 
House, 1 Queens Road, farn- 
borough, Hants. GU14 6D} (tel: 
0252-517431). 


SeePROM 


he latest addition to Hitachi's 

growing range of CMOS 
microcomputer chips is a single- 
chip device including an8-bit mic- 
roprocessor, 8k of EPROM andan 
8 channel by 8-bit ADC on board. 
Hitachi say that the HD63705Z 
also features a serial communica- 
tionsinterface, 8 parallel1!/O lines 
and 8 interrupt lines. The chip is 
supplied in an 80-pin flat-pack for 
surface mounting and, in one ver- 
sion, includes a window for UV 
erasing. 

Further details from Hitachi 
Electronic Components (UK) Ltd., 
Hitec House, 221-225 Station 
Road, Harrow, Middlesex HA1 
2XL (tel: 01-861 1414). 


'® Caddis Systems have been 


appointed distributors for RETEX 
enclosures The range includes a 
variety of styles and sizes includ- 
ingthe ABOX (ABS enclosure with 
sloping anodised aluminium 
front panel, taking standard Euro- 
cards), the ELBOX (A8S with a 
steel sub-frame and slope-back 
feet) and SOLBOX-2 (steel en- 
closure with aluminium front 
panel, optional handled, louvred 
ventilation and slope-back feet). 
Caddis can be contained at 5 
Keats Close, Maldon, Essex, CM9 
6DB (tel: 0621 55116). 


® Marco Trading have produced 
a component catalogue for 1986 
which includes a_ reasonable 
range of items, some at notably 
low price. The catalogue comes 
complete with a six page special 
offer list and a 50p credit note. It 
costs £1.00 from Marco Trading, 
The Maltings, High Street, Wem, 
Shropsshire SY4 5EN (tel: 0939 
32763). : 
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HARDWARE 
SOFTWARE 


(Ol 


Operative Systems 
MDEX Professional Dev. System £95 
CORTEX POWER-BASIC disc extensions: CDOS £43 


MDEX Extensions 

FORTH with Screen editor assembler : £55 
- Graphic extensions £35 

PASCAL by Pre Brinch Hansen £85 

QBASIC Compatable with 

CPM CBASIC - only complied! £150 

WINDOW Full screen editor £150 

CORTEX LISTINGS/CDOS DISCS 

PENGO, BLUE-BIRD, GOLF £13 

SPACE-BUGS, BREAKOUT, PONTOON, MiCROPEDE £13 

CDOS WORD PROCESSOR (DISC ONLY) £13 

DRAWTECH (DISC ONLY) £43 


DISC DRIVES 
80 Track half height, double sided; double density IM £125 
40 Track half height, single sided, double density 256K £110 


E-Bus cards 
9995 Processor Board 


64/128k RAM Card 


Blank + PAL'S £52 
Built £175 
Blank + PAL £42 
Built £145/245 


Built 


Floppy/Winchester Interface Card Blank 


Joystick/Centromes/Timer Board Blank 
Part kit 


LIMITED OFFER ONLY: 9909's Full kit 
STATE DISC FORMAT & ADD VAT TO ALL PRICES 


MicroProcessor Eng Ltd 
21 Hanley Road - Shirley 
Southampton - SO1 5AP 
Tel: 0703 780084 | 


BEST PRICE DEVICES 


ALL THE LATEST FASTEST DEVICES NOT TO BE CONFUSED 
WITH SLOWER OLD STOCK OFFERED ELSEWHERE 

EPROM 

5v NMOS 250ns 

QTIB 2:88) fapeiacai rpenaieiasiats on oe 3 £2.95 

2A SQA EB onc ays; sacnuass ac agncaretess acai £2.75 

2764 8k* 8.... £1. 

27128 16k * 8.. 


DRAM 

5v NMOS 150ns 

4164 64k x 1 

41256 256k * 1. 

4416 16k * 4... . 
41254 64k X40... eee eee 4 
SRAM 

Sv CMOS 250ns + 

BT TGI2KiK Bs. is srsys scorursinas:ee% aio d 
6264 BK XB... cece e eee eee es E 


LINEAR 


TLO84CP 
SN75154N 
OPO7CP 


MICROKIT LIMITED 
MANOR PARK, RAUNDS, 
NORTHANTS NN9 6PD 


ORDERS OVER £25 DEDUCT 10% 
DISCOUNT ADD 15% V.A.T. POST FREE 
ORDERS UNDER £25 ADD 15% V.A.T. PLUS 
50p P&P. Lists of other offers processors etc. 
sent DESPATCH BY RETURN TO C.W.O. 


MAKE YOUR INTERESTS PAY! 


More than 8 million students throughout the world have found it worth their while! An 
iCS home-study course can help you get a better job, make more money and have more 
fun out of life! ICS has over 90 years experience in home-study courses and is the largest 
correspondence school in the world. You learn at your own pace, when and where you 
want under the guidance of expert ‘personal’ tutors. Find cut how we can help YOU. 
Post or phone today for your FREE INFORMATION PACK on the course of your choice. 
(Tick one box only!) 
=e 


{| [Etectronics Oe eee ng a] 
i | Basic Electronic , Radio Amateur Licence ] 
Engineering (City & Guilds) [1 | Exam (City & Guilds) O 
| Electrical Engineering [| Car Mechanics Oo | i 

= | 
z 1 
] 


Electrical Contracting/ Computer 
Installation CI | Programming 
GCE over 40 ‘0' and ‘a’ level subjects 


Name 
] Address P. Code 
international Correspondence Schools. Dept 312/314 High 
St., Sutton, Surrey SM1 1PR. Tel: 01-643 9568 or 041-221 2926 (24nrs). 
—— an oe —_ 
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Interak 1 


A METAL 
Z80A COMPUTER 


Colleges, Universities, Individuals: Build your 
own modular Z80A-based metal 19” rack 
and card Interak computer. Uses commonly 
available chips — not a single ULA in sight 
(and proud of it). If youcan get your own parts 
(but we can supply if you can’t) all you need 
from us are the bare p.c.b.s and the manuals. 


interak 1's greatest |- te . 
88 asset ee for ss @e 
expansion. a 
® 2 
© (Up to 8 more cards 6 
——— 4%" x 8” each) = 


t EXPANSION key tape! FOWER| 
BOARD SUPPLY SPACE 


(P.c.b.s range in price from £10.95 to £19.95 + 
VAT; manuals £1.15.) 

The Interaktion User Group has 14K BASIC, 
Assembler, Fig Forth, Disassembler, Debug, 
Chess and a Book Library, Newsletter etc. No 
fears about this one going obsolete — now in its 
sixth successful year! Send us your name and 
address with 24p stamps and we'll send you 40 
pages of details (forget the stamp if you can’t 
afford it!) You've already got a plastic computer 
for playing games, now build a metal one to do 
some real work! Interak, Interak, Interak! 


12808) vou | Rass 
CPU 


Greenbank 

Greenbank Electronics (Dept. T3E), New Chester Road, 

New Ferry, Wirral, Merseyside L62 5AG 
Telephone: 051-645 3391 


Send now - 


forour FREE CATALOGUE 
Or ring: 01-567 8910 for 


the keenest prices on - 


CMOS TRANSFORMERS BOOKS 
TTL CONNECTORS TOOLS 
OPTO MICROPROCESSOR BOXES 
TRIACS HEATSINKS RELAYS 
HICADS MULTIMETERS SWITCHES 


AnD LOTS LOTS more 


Wealso STOCK over 30 KITS for Timers, Remote Control, Disco 
Lights, Temperature Control, etc. PLUS a wide range of VELLE- 
MAN and PANTEC KITS. 

Any questions please ring BART TREPAK on 01-579 9794, 


TR 


= FREEP&P onorders over £20 (UK only), otherwise add 
oe 75p + VAT. Overses P&P. Europe £2.75. Elsewhere 
£6.50. Giro No. 529314002. SCHOOL OR LOCAL AUTHORITY 
ORDERS WELCOME. Goods by return subject to availability. 


ELECTRONICS 
13 BOSTON RD 
LONDON W1 3SJ 


SEND 9” x 6” SAE 
OR CALL AT SHOP 
MON-FRI 9-5pm 

SATURDAY 10-4pm 
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DIARY 


Electronics In Oil and Gas — February 4-6th 
Barbican, London. See November ‘85 ETI or contact Cahners at the 
address below. 


Intellectual Property and Patents — February 18th 

Institute of Physics, London. One-day meeting. For details and registra- 
tion forms contact The Meetings officer of the loP at the address 
below. 


Power UK ‘86 — March 4-6th 

Kensington Exhibition Centre, London. Exhibition and conference 
devoted to power supplies and alternative power sources. Organised 
by the Power Supply Manufacturers Association. For details contact 
TCM Expositions Ltd, Exchange House, 33 Station Road, Liphook, 
Hampshire GU30 7DN, tel 0428-724 660. 


Electronic Production Efficiency Exposition — March 11-13th 
Olympia, London. See November ’85 ETI or contact Cahners at the 
address below. 


Electro-Optics/Laser International — March 18-20th 

Metropole Convention Centre, Brighton. Exhibition and conference 
on optics and lasers which includes a special focus on fibre optics. For 
details contact Cahners at the address below. 


Low Energy lon Beams — April 7-10th 

University of Sussex, Falmer, Brighton. Conference on the production 
and use of ion beams, covering such areas as semiconductor process- 
ing and machining and material modification in metals and insulators. 
There will also be an exhibition of related equipment. For details con- 
tact the Meetings Officer of the loP at the address below. 


Electrical Insulation Conference — May 19-22nd. 

Brighton. International conference described by the organisers as the 
premier event in its field. For details contact the British Electrotechni- 
caland Allied Manufacturers Association, Leicester House, 8 Leicester 
Street, London WC2H 7BN, tel 01-437 0678. 


Advanced Infrared Detectors And Systems — June 3-5th 

Institution of Electrical Engineers, London. Conference which aims to 
coverthe developments in infrared detectors, systems and techniques 
and their relationship to developments in the field of mlllimetre waves. 
For details contact the IEE, Savoy Place, London WC2R OBL, tel 01- 
240 1871, - 


Networks ’86 — June 10-12th 

Wembley Conference Centre, London, Exhibition and conference 
devoted to all aspects of data exchange networks, For details contact 
Online Conferences Ltd, Pinner Green House, Ash Hill Drive, Pinner, 
Middlesex HAS 2AE, tel 01-868 4466. 


Northern Computer Show — June 24-26th 

G-MEX Exhibition Centre, Manchester. Exhibition aimed at pro- 
fessional computer users, from professionals in user departments to 
computing specialists. For details contact Reed Exhibitions, Surrey 
House, 1 Throwley Way, Sutton, Surrey SM1 4QQ, tel 01-643 8040. 


KBS ’86 — July 1-3rd 

Wembley Conference Centre, London. Exhbition and conference 
devoted to knowledge based systems. Contact Online at the 
address below. 


Voice Processing.— July 1-3rd 
Tara Hotel, London. Conference. For details contact Online at the 
address below. 


Addresses: 

Cahners Exhibitions Ltd, Chatsworth House, 59 London Road, Twic- 
kenham, Middlesex TW1 3SZ, tel 01-891 5051. 

Institute of Physics, 47 Belgrave Square, London SW1X 8QZ, tel 01- 
PARIS) MLE 


Online Conferences Ltd, Pinner Green House, Ash Hill Drive, Pinner, 
.Middlesex HA5 2AE, tel 01-868 4466. 
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B attery backed-up memory is 
becoming increasingly im- 
portant in microprocessor appli- 
cations and can often bethe most 
effective and efficient means of 
non-volatile data storage. Direct 
PCB mounting batteries are an 
attractive option where space is 
at apremium. A newrange of bat- 
teries from the French company 
SAFT should meet most require- 
ments. 

The batteries are produced in 
upright or flat packs for either a 
small footprint or a low profile 
and the range includes recharge- 
able Ni-Cads and non-recharge- 
able lithium batterjes with an 
operating life of up to 70 years. 


Getting Your Back Up 


The Ni-Cads are produced in ver- 
sions with nominal voltages of 2.4 
and 3.6 and capacities of either 40 
MAH or 100 MAH. The smaller 
capacity batteries require a 
trickle-charging current of 2mA, 
while the larger capacity versions 
need 4mA. The upright Ni-Cads 
are only available at 3V6. 

The SAFT lithium batteries are . 
produced in both upright and low 
profile packages, but only in a 
3V0, 200 MAH version. 

The range is supplied by MS 
Components Ltd., Zephyr House, 
Waring Street, West Norwood, 
London SE27 9LH (tel: 01-670 
4466). 


AR RL TI 


® Mullard have announced a 
SECAM to PAL converter which 
distinguishes between SECAM 
and PAL signals, passing PAL 
directlyto the chroma output but 
converting SECAM signals into 
PAL standard before output. The 
transcoder, as it is called, con- 
tains all necessary circuitry on a 
single chip, the TDA3592A, and 
operates by demodulating the 
SECAM signal and remodulating 
it in PAL format. The output is, 
therefore, a true PAL signal and 
the chip can be used with any PAL 
decoders in monitors, VCRs and 
video cameras as well as tele- 
visions. ; 

Contact: Mullard Ltd., Mullard 
House, Torrington Place, London 
WC1E 7HD (tel: 01-580 663). 


@ The new short form catalogue 
from British transistor manufac- 
turers, Semelab, has been expan- 
ded to include devices distributed 
by the company as well as made 
by them. The cataloguealso lists a 
range of USA replacement types 
and gives basic data and device 
characteristics. It is available free 
from Semelab Ltd., Coventry 
Road, Lutterworth, Leics. LE17 
4)B (tel: 04555-56565). _ 


® Pineapple Software have 
released a circuit-drawing pro- 
gram for the BBC micro. The pro- 
gram is called DIAGRAM and 
covers 39 screens in Mode 0 (high 
resolution). Individual screens 
operate as windows on this larger 
logical screen. The program 
supports printouts on most dot 
matrix printers in a variety of print 
sizes and can also be used to pro- 
duced PCB layouts. DIAGRAM is 
supplied on 5% inch disc and 
costs £28.75 from Pineapple 
Software, 39 Brownlea Gardens, 
Seven Kings, Ilford, Essex IG3 
ONL (tel: 01-599 1476). 


® Halley's Comet disappears 
below the UK horizon-on 31st 
March. Throughout March, it can 
be seen in Sagittarius having re- 
appeared after its closest pass to 
the sun (perihelion) on 20th Feb- 
ruary before sunrise in the east at 
magnitude +3. Information from 
the European Space Research 
Unit, thanks to Oscar News, the 
magazine of AMSAT-UK, the 
Radio Amateur Satellite Organis- 
ation of the UK. Contact Ron 
Broadbent G3AAJ, 94 Herongate 
Road, Wanstead Park, London 
£12 5EQ (tel: 01-989 6741). 
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01-208 1177 > Tecunomatic Lrp 01-208 1177 


BBC Micro Computer System 


ACORN COMPUTER SYSTEMS 


BBC B PLUS with DFS.......... £369 (a) 
BBC B PLUS with 128K ......... £389 (a) 
BBC B PLUS Econet (No DFS) .. £360 (a) 
BBC B PLUS Econet & DFS..... £399 (a) 
BBC Dust Cover ............... £4.50 (d) 
UPGRADE KITS 
DESKIt creer ness ser ceenss ome on a 
EconetiKhits acs Ja. cesencaen onreeres 5 (d) 
1770, DFS ‘parade for Mode! B < 50 (d) 
1.2 OS ROM................004 7.50 (d) 
DNFS ROM, POs Semicon £17.50 (d) 
ADFS Rom es B with 1770 

DFS & B PIUS .. cee cece ae £26 (d) 


£35 (d) 


£299 (a) 
169 (a 
£125 (b) 


Teltext Adaptor... 
IEEE Interface .... 


PRINTERS 


ue £449 (a) 
. £435 (a) 
... £345 (a) 


LQ1500 Printer.............. 


PLOTTERS 
Epson H 180: A4 4colourPlotter....£345(a) 
Hitachi 672: A34 colour Plotter .....£475 (a) 


TAXAN KAGA: 

KP810 80 Col NLQ 
KP910 156 Vol NLQ.. 
JUKI 6100 Daisy Wheel 
HR15LX (Serial) 
neg (Serial) £365 (a) 


wuss. £299 (a) 
.. £339 (a) 


Paper. 

ae Sheets Fanfold: 
5” 

14.5" x it 

Labels: (per 1000) 

3.5” x 17/16" Single row... 

27/16" xX 17/16” Triple row 


MIRACLE 3000: 

A new range of microprocessor based 
modems offering of upto 2400 baud, full 
duplex. Features include ‘HAYES’ protocol 
compatibility, auto answer, auto dial, speed 
buffering, printer port, data security option etc. 
Mains powered. 

WS3000 V2123 (V21 & V23).......000+00« £295 (b) 
WS3000 V22 (as above pius 1200 cask full 
GUPIOX)..s.srecrseeserseeseveneserssesessenreseestenen 95 (b) 
WS3000 ne opie Agave above ius 2400 
baud fuil duplex)... .+-£650 (b) 
MIRACLE 2000 

A worid standard modem covering V21, V23 
(Bell 103/113/108 outside UK) and including 
75, 300, 600, 1200 baud ratings. Optional Auto 
dial, auto answer cards, complete controlfrom 
computer keyboard.. WS2000 £125 (b) 


TORCH UNICORN products including the IBM Compatible GRADUATE in stock 
For detailed specification on any of the BBC Firmware/Peripherals listed here 
or information on our complete range please write to us. 


MODEMS 
— All modems listed below are BT approved 


Music 500 
ATPL Symphony Keyboard 


COMMUNICATION ROM 
Termutator 
Communic 
Commster. 
DATABEEB.... 


BBC FIRMWARE 

Basic il ROM... ..sccesscsessesceseneaven £22.50 (d) 
View 12.1 Word Processor paler £41.00 (d) 
Wordwise Plus = 

BCPL ROM/Oisc .. 


Oxtord PASCAL/G-FORTH/LI 
£35 ea (c) 
ACCELERATOR (BASIC Compiler) ....£48 (d) 


ACCESSORIES 
EPSON 
FX plus sheet feeder £129.00 (b) 
LX80 Sheet feeder 49.00 (b) 
Paper Roll Holder .. 17.00 (d) 
FX80 Tractor attact 237.00 (c) 


Interfaces: 6143 RS232.. 
8148 RS232 + 2K... 257.00 (c) 
8132 Apple ll... £60.00 (c) 
8165 IEEE + cable. 1-£65.00 (c) 
Serial & Paral irtertaces with larger burs avaiable 
Ribbons: RX/FX/MX80... 
RX/FX/MX100.. 
LX80........ 
Spare pens for H180. 
FX80 Tractor Attachment £37 (c) 
KAGA TAXAN 
RS232 Interiace + 2K Buff 
Ribbon KP810/910............. 


£28.00 (c) 


Spare Daisy Wheel 
Ribbon......... 
Sheet Feeder 
Tractor Feed Attachmen 
BROTHER HA15: 

Sheet Feeder-..... 
Tractor Feeder... 
Ribbons Carbon 
Red Correction Ribbon .. 
BBC Printer Lead: 
Parallel (42") 
Serial........ 


Auto Dial Card......... 


DISC DRIVES 


These are fully cases and wired drives with slim line high quality 
mechanisms. Drives supplied with cabies manuals and formaiting disc 
suitable for the BBC computer. All 80 track drives are supplied with 40/80 
track switching as standard. All drives can operate in single or dual den- 
sity format. 

With integral psu: 


1 x 400K 40/80T DS: TS400 ... 
PS400 with psu 


Dual Drives: (with rica! De: pe eee Versions 


PD200 2x 100K 40TS: 1-195 (a) PD800 2 x 400K 40/80T DS.....1.-.....£199 (a) 
3.5" Dri 
TS35 1 “400K BOT DS......eeecseeescareesees £99 (b)  TD35 2 x 400K 80T DS......... ssc see 2172 (b) 


5%" 96 TP double sided 1Mb unformatted 3.5” 96 TPI double sided 1Mb unformatted 
DD sts cieceetsinns ncoscciee stents eantciseoed BOD) DD sersssssctssscstcstnsssirtitscnusenesiensee 288 (D) 


3M FLOPPY DISCS 


High quality discs that offer a reliable error free performance for life. Each 
discis individually tested and guaranteed for life. Ten discs are supplied in 
a sturdy cardboard box. 


5%” DISCS 
40 SS DD £13 (d) 
80T SS DD £22 (d) 


3'2” DISCS 
80T SS DD £30 (d) 
80T DS DD £38 (d) 


40T DS DD £18 (d) 
80T SS DD £24 (d) 


DISC ACCESSORIES 


FLOPPICLENE Disc Head Cleaning Kit with 20 disposable éleaning discs ensures 
continued optimum performance of the drives ..... 


Single Disc Cable. £6 (d) Dual Disc 
10 Disc Library Case. -80(c) 30 Disc Case 
40 Disc Lockable Box .. ..£14 (c) 100 Dise Lock: 
MICROVITEC 
All 14” monitors now available in plastic or metal cases, please specify your 


requirement. 


14” RGB 


14” RGB with PAL & Audio 
1431 AP Std Res.. 
1451 AP Med Res.... 


1431 Std Res .. 
1451 Med Res. 


20” RGB with PAL & Audio 
£380 (a)  2040CS HiRes.......... svaactssesesee B85 (A) 
KAGA TAXAN 12” RGB 
VISION Il 101Hi RES ..csvsseeeoe £210 (2) — VISION HIE PIUS....-ssesossssennssse £330 (a) 
SUPERVISION III Plus ...--cecscvce-n (a) 
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MITSUBISHI 14” RGB Med Res IBM & BBC Compatible... 


MONOCHROME MONITORS: 
SANYO DM8112CX Hi Res 12” Green Screen 
KAGA KX1201G Hi Res 12” Etched Green Screen 
KAGA KX1203A Hi Res 12” Etched Amber Screen 
PHILIPS BM7502 12” Hi Res Green Screen. 
PHILIPS BM7522 12” Hi Res Amber Screen... 
Swivel Base for Kaga Monochrome fitted with Digital 


1229 (a) 


OCK ... 


Auto Answere Card £30 (d) ATTENTION 

bing saci eee SPECIAL OFFER All prices Ng Soule page au vert sement 

Pocket size, direct connect 300/300 half and 2764-25 .... 12,00 hag Sacer ae 

full duplex with originate and answer ALL PRICES EXCLUDE VAT 
Pp! ig zs 

MOSS 5 Sit wc scacrasseeooct asSeaiabinlae £55 (c) 27128-25.. 1m3.00 Please oie carriage 50p unless 

Data Cables for above modems available for indicated as follows: 

most computers. G264LP-15....000.£4.00 | (a) £8 (b) £2.50 (c) £1.50 (d) £1.00 


Serial Test Cable 
Serial Cable switchable at both ends allowing pin 
optionsto bere-routed or linkedat either end usinga10 
way switch making it possible to produce almost any 
cable contiguration on site. 
Available as M/M or M/F 


£24.75 (d) 


Serial Mini Patch Box 
Allows an easy method to reconfigure pin functions 
without rewiring the cable aasy. 

Jumpers can be used and reused. 


Serial Mini Test 
Minitors RS232C and CCITT V24 
Transmissions, indicating status with dualcolour LEDs 
on7 most significant lines. 
Connects in Line. 


£22 (d) 
£22.50 (d) 


GANG OF EIGHT CONNECTOR SYSTEMS 
INTELLIGENT FAST .D. CONNECTORS EDGE CONNECTORS AMPHENOL RIBBON 
EPROM COPIER (Speedblock Type! 0.1" 0.156" sco tigen (grey/metre) 

Copies up toeightepromsatatimeandacceptsall | “oof Header Recep Edge | 2-:6way picommoders) op | OP} seway plug «S00p «475; 10way  40p 34-way 1160p 
single rail eproms up to 27266. Gan reduce pro | “3° "ug ‘age Sout | iow 20 op SEGaNOK 5500. 3006 1eway  80p 40-Way 180p 
gramming time by 80% by using manufacturers ep 2x ie ay a o 24 way plug , ‘ opal 1305 aauay pty 
suggested a orithms. Fixed Vpp of 21 & 25 volts 2x23. way (2x84) 475p 4765p bia : mee 
and variable Vpp factory set at 12.5 volts LCD 2x 25-wi 


OFTY II 


This low cost intelligent eprom programmer can 
Program 2716, 2516, 2532, 2732, and with an 
adaptor, 2564 and 2764. Displays 512 byte page 
on TV — has aserialand parallel l/O routines. Can 


Botte rly as an emulator, cassette interface 
Adagtortor3764/2 564. £25.00(c) 


UV ERASERS 


All erasers with built in safety switch and mains 


indicator. 


nee B inp ae s sats atatime. .  Bsalg spacing (A+B 
as above but withatimer.......... 

UV140 erases up to 14 eproms at a time. £71 (b) TEXTOOL ZIF 

UV141 as above but with atimer........: £88 (b) Sean pais 
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display with alpha moving message, £395(b). 


ay 
ens x 28° uae (Spectrum) 


MISC CON is 
21 pin Scart Connector200p 
8 pin Video Connector.200p 


IEEE S00p 500p DIL HEADERS 
1 wee way PCB Mtg Skt Ang Pin Solder IDC 
2x 22-way 24 way 700p 36way 750p 14pin 40p 100p 
pee ; 16pin 5SOp 110p 
2x 50-way($t00conn} pd GENDER CHANGERS 18 pin 60p . 
EURO CONNECTORS ned 2¢pin 100p 480 
i 
Ph Male to Male. 28 Bin 1680p 200p 
DIN 41612 lug Socket | Male to Fema 40pin 200p 225p 
ane 2 Guy Sop Pind 2a anes 
x way Ang Pin p p 
: 3x 32way StPin 260p 300p RS 232 JUMPERS ; : 
Solder 'g9 130 198 260) 3x 22may Ano Pin375p 4007 | sway TECHNOLINE 
7 * Single end Male 
195 aoe 375 {DC SktA+C 400p 24" Single end Female VIEWDATA SYSTEM 
For2 x 3 Using ‘Prestel’ type protocols 


2 wa 7 ecif : A 
ees peemy for. information and orders 


phone 01-450 9764. 24 hour 
service, 7 days a week. 


DIL SWITCHES 
4-way 90p6-way 105p 
8-way 120p 10-way 150p 


ET! MARCH 1986 


74 SERIES 74181 340p | 74LS162A 78p | 74808 Sp | 4063 85p LINEAR ICs NENTS 
74182 140p | 74LS163A 780 | 74810 Gop | 4066 40p : - COMPUTER COMPONENTS a, 
7400 30p| 74164 = 180p | 74LS164 —78p | 74811 75p | 4087 230p BER Electrically pro) MC3497 Boa GeNrnasons 
7401 30p| 74185A 180p | 74LS165A 110p | 74820 80p | 4068 25p | these ap 1 grammable and| MC4024 — 
7402 30p| 74190 1390p | 74LS166A 180 | 74822 Sop| 4060 0; cpu. aaah |e 120p Moso44 
7403 30p| 74191 «1390p | 74LS168 1390p} 74830 Sop | 4070 2ap | Aurpione ard Hd 4 oe es. rae 
7404 98p| 74192 110p{ 74LS169 1100p | 74832 0p | 4071 24p | antics s200p| i711 100p, 8p 
7405 30p| 74193 118p[ 74L8170 ‘140p | 74837 0p |: 4072 24p | AY-1-6060 | L723 sop 73p \ rms9901 
7408 40p| 74194 110p! 74LS173A 1100p | 74838 0p | 4073 2p | AY-3-1360 LM725CN 3800p 200p Tms9902 se 
7407 40p| 74195 e0p| 74.8174 7p] 74840 S0p| 4075 2p | AY-3-8010 M733 68p{ TEASEO 228 s00p ZB0DMA Ppa italien 
7408 30p| 74196 190p| 7418175 78 | 74551 45p| 4076 65p | AY-38s12° Ueray 2p] TCH108 S00p 220p Seas face 
7409 30p| 74197 1109p] 7415181 200p | 74564 4Sp! 4077 25p | CAR019A uara7 Top} TCAZ10 380p 300p| M to0p |740923 «800R 
7410 30p| 74198 -220p| 74.8183 190p | 74874 79p| 4078 eee te Dee ee ae £12 
7411 30p| 74199 © 220p/ 7415190 78p|74Se5 ——-300p/ 4081 zap | Bares Und betes pred hve te od s50p GENERATORS 
7412 0p} 74221 110p| 74LS191 7p] 74S86 1100p] 4082 25p | Carceo sd M1201 seop| TDAI022 «400 ved 
7413 Sop| 74251 100p! 74LS192  80p| 748112 —-180p| 4085 60p | CAasos0e 70p| LM1830 290p| TDAIG24 = 110 pool 
7414 70p| 74259 180p) 7418193  80p} 748113: 120p| 4086 78p | casces gop] LaiE71 Soop} TOATI70S 3900p <2 
7416 36p| 74265 3800p! 74LS194A = 78p | 748114 120p| 4089 120p | CAQ08eE ‘210p| (M1872 2300p}. TDA2002 3p ed 
7417 40p} 74273 200p| 74LS195A 75p} 748124 —-300p| 4093 ‘95p | CAg0B0AQ ~—578p| L1886 380p 190p toad 
7420 30p| 74276 1440p} 74LS196 80p| 745132 —-100p| 4094 80p | CA3190€ $0p| Lm1889 4480p 240p 420p 2101 
7421 @0p| 74278 170p| 74.8197 80} 748133 60p| 4095 90p | CAS1S0T 1930p) M2917 300p $20 700p 40p | 2102 
7422 38p| 74279 0p | 74LS221 Sp} 745138 180p| 4096 90p | CASTAOE hou Ppa bead se 420p 21078 
CA3140T 1090p! LIM3000 op 2350p 300p 2111A-35 
7423 98p| 74283 105p] 74LS240 8p} 745138 180p| 4097 270p | Casters ikeeo dom stp psd Fe 
7426 40p| 74285 320p] 74LS241 801748139 —-180p| 4098 Tep.| caste casas! ust 4100p 7350p bod soop| 2147 
7426 40p| 74290 Sop | 74.8242 90p| 74S140 —-100p| 4099 0p | castece —scop 3$0p 380p 360p | 4116-15 
7427 40p| 74293 90p| 74LS243 0p! 74151 180! 4501 6p | cAste9e 4270p 340p 700p 4009} 4116-20 
7428 43p| 74298 180p | 74L8244 80p | 74S153 180p | 4502 55p | CA3240E 1860p 340p 0p S00 | 4164-15 
7430 30p| 74351 200p| 74LS245 110p|74S157 — 200p| 4503 38p | CA32806 27op 180p Op 80p) 41256.20 
7432 36p| 74365A 80p| 74LS247 110p} 748158 —-200p| 4504 95p | 07002 ba 2330p S0p top ates 
7433 30p| 74366A, 80p| 74LS248 1110p 748163 300p| 4505 360p | DACI406-8 = 300 amtp “op 180p pes 
7437 30p| 7436A e0p| 74L8249 110p|74S169 —«-S50p| 4506 0p | DACOGO0 = 3808p 200p 70p 80p P. 
DACO808 300p 1860p | TLO74 110p 4816AP-3 
7438 40p] 74367A «Op! 74LS251 78 p} 748174 9300p | 4507/4030 pases pad Ten | TL0et ad 80p| 5101 
7439 40p| 74368A —«-70p| 7418253 © 78p| 745175 320p. 35p | Hars68 ies asp | TL082 Sp S0p) 5514 
7440 40p| 74376 160p| 74LS256  90p| 745188 1180p | 4508 1420p | icL7108 oe 300p | TL083 78 \ccmos 280) nd $516 
7441 0p] 74390 «110p| 74LS257A —70p| 745189. 180p] 4510 85p | icL7et1 psa 70p | TLoes roo i J Shoe | cust 
74424 Top} 74393 112p| 74L$258A 70p! 748194 —-300p | 4511 S5p | ICL7650 400p 200p | TLOO Pea. SUPPORT 65p1 6264-15 
7443A 100] 74490 140p| 74LS259 120p| 745195 $00p] 4512 85p | ICL7660 2350p Top | TL170 eB pevices 65p! 6264LP-15 
7444 110p a 74LS260 T5p| 748196 350p | 4513 150p | 'CL8038 400p 85p | UAA1003-3 $38 eran 
7445 100p 74LS261 120p}74S200  450p| 4514 110p | M7208 eae soop | UAT s20p aes 748169 
746A —- 100 : 74LS266  60p| 74S201 —-320p| 4515 1140p | 10M7217 750p og vee Bad Ics son faces 
7447A «100p| 74LS00 —«s-24p| 74LS273 1128p] 745225 B20 | 4516 55p | (OM7aSS we gene | UGNASOIA bso ADSSEC)  778p 420p| costs 
7448 120p| 74LS01 2ap| 74LS279 -70p| 748240 —-400p | 4517 220p | Lorizo sae 400p | ULN2002A 5p ADse1) «£20 4120p | 931.422 
7450 36p] 74LS02 —-24p| 74LS280 1190p] 745241 400 4518 48p | Lc7130 s00p 300p | ULN2004A75p Ao7681 «£8 140p 
7481 38p| 74/803 —-24p| 74LS283 —B0p| 748244 800 | 4519 32p | Lc7137 380p 4120p | ULN2068 -280p ADCOR08 1190p bya pump) 3.5795 
7453 38p| 74LS04 —24p} 74LS290 Op! 745251 —-250p| 4520 op | LFa7 4120p 190p | ULN2802 «1890p AN25S10 _ S80p bpd ROMS/PROMS FRY) 
7454 38p| 74LS05 -24p| 74.8292 900] 745257 2580p | 4521 4118p | UF351 vop 22p| ULN2803 —«180p 250p | AM25LS2521 bead 
7460 S5p| 74LS08 24p| 74LS293 80p} 748258 250p | 4522 LFS53 9p 60p | ULN2604 100p 
7470 Sop] 74LS09 24] 74LS295 140p| 748260 —-100p| 4526 rp LF355 0p 400p | UPCS75 2785p uma 180p 
7472 S5p| 74LS10 4p] 7419297 —s £9 | 748261 —-300p | 4527 Bop | LASSEN 0p ta0p | UPCEOZH = 280 AM26LS31 160 | sesacgo 
7473 SSp| 74LS11 —-24p| 74LS298 100p] 748283 -270p| 4528 esp | Ser 100p pod yet rd 20p 1 190P | 748188 
7474 50p] 74L812 -24p| 74LS299 220p| 748287 —-228p| 4529 100p | Enaora pa ee xR210 ome 4 ama sec 
7475 60p| 74.513 S4p| 74321 3870p] 748288 —-200p| 4531 75p | Lwa07 ap 300p | xR2206 4090p a0 D702 coop 
7476 45p| 74LS14 50p| 74LS323  300p} 745289 225p | 4532 65p | LMQ08CN T8p 0p | XA2207 S76p S00p | DAC80-CB1 450p 
7480 65p| 74LS15 —-24p| 74.8324 9320p] 748299 —S50p | 4534 360p | La3i0 228p 4180p | xR2211 5789 850p z10p 
7481 18op| 74L820 -24p} 741348 200p| 748373 400p | 4536 250p 80p 190p 6785p 380p| DMB131 s00p 
7483A 105p| 74LS21 24p| 74LS352 120p| 748374 —-400p | 4538 75p 1850p 130p 120p 380p | DPS304 $00 
74844 —«128p| 74LS22 = 2ap| 74LS353 120] 745387 228 | 4539 7p 180p 180p 190p 2259) D260" ned 
7485 110p| 74LS24 —«- SOp| 74LS356 210p 4541 tp ‘8p $00p 8op aan | sees! 2 
7486 42p| 74LS26 -24p| 74LS363  180p 4543 70p ave one, Hand 200p | $8832 et 
7489 210p| 741827 —24p| 74.8364 1 80p Meee | 4551 100p Keg phe besa 4225p | $8833 Mop 
7490A S5p| 74LS28 24p| 74LS365 80p 4553 240p ‘0p SS 380 BS0p| DSBEIS 5380p 
7491 70p| 74LS30 24p| 74LS366 50p 4555 38p ep 220p 300p 280p| DS8836 = 
74924 70p| 74LS32 -24p| "74LS367 50}. 4556 50p Sop 216 coop | £250, OR OO ee AH 
7493A S8p| 74LS33 -24p| 74LS3E8A 50 4557 240p 300p s00p 4809 | forces 3500] MC1488 s00p 
7494 110p| 74LS37 24p| 74LS373 9890p 4560 140p 1180p 3900p 228 1 E258AC-5 ‘| mca446 Soop 
7495A 60p} 74LS38 24p| 74LS374 =: 90p 4566 4140p 1580p 3200p £9.50p 320p| MC3459 e18 
7496 B0p} 74LS40 24p| 74LS375 —-75p 4568 240p ph ae = e2s 18} M3470 pie 
a, Teles Sarees -_— zlmec. flac Se | Eee Site het = 
i 90p iP 45p 220 120p 200p | 925120 1785p] M S00p| WO2143-£12]/PXO1000— E12 
4107 Sop] 74LS47 80p| 74LS379 1390p 4583 80p 100p i40p een 
74109 75p| 7448  - S0p| 74LS381 4850p 4584 48p 270p 4150p £23 REAL TIME 
74110 75p| 74LS49  100p| 74LS385 9325p 4585 60p 190 0p 2580p CLOCK ‘Please note all 
74411 S5p| 74LS51 24p| 74LS390 0p 4724 180p 180p 180p | : 
T4116 170p| 74LS54 24p| 74LS393 1100p 14411 750p 110p | TA7310 150p MM58174AN prices are subject 
74118 110p| 74. S55 24p| 74LS395A 1100p 14412 7850p - : . SAA5030 —-700p to change without 
74119 170p| 74L873A —30p| 74LS399 140 14416 -300p VOLTAGE REGULATORS MSM5832RS 
74120 100p| 74LS744 —-38p| 741S445 180p 14419 260p 
74121 85p| 74LS75 —«48p| 74LS465 120p 14490 420p 
74122 70p| 74LS76A  36p| 74LS467 —120p 14495 450p 
74123 op] 74LS83A 70p| 74LS490 1850p 14500 650p 50p 
74125 65p| 74LS85 78p| 74LS540 100p 14589 200p 50p 
74126 85p| 74LS86 —«38p| 74541 100p 22100 350p 50p 
74128 55p|‘74LS90  48p| 74LS608 700p 22101 700p 50p 
74132 75p| 74LS91 90p| 74LS610 1900p 22102 7 50p 
74136 Top] 74LS92 —-BSp| 74LSE12 1900p 40014/4584 50p 
74141 90p] 74893 S4p| 74LS624 3850p 40106 ri 
74142 250p| 74LS95B —75p| 74LS626 2285p 48 DRIVER 
74143 270p| 741896 90p| 74LSE28 225p 40085 120p 50p MAN4640 200p , 
74144 270p| 74LS107 0p] 74LS629  125p 40097 6p 50p MAN6610 200p 9368 350 
74145 1140p] 74LS109 0p] 74LS640 200p 40098 40p NSB5981 870p 
74147 170p| 74LS112 5p} 74LS640-1 40100 150p 0 
74148 140p| 741S11345p 300p 40101 125p MaN74/DL704 a conetheg 
74150 175p| 74LS114  45p| 74L8641 1580p 40102 130p MAN71/DL707 MAN8910 
TA151A 70p| 74LS122 = 70p} 74LS642-1 40103 200p | LM309K 1A 5V 140p | MAN3640 
74153 80p} 74LS123 80p 300p 70p |40104 120p | LM323K 3A 5V 350p | TIL32 TIL78 
74154 7ALS124/ 74LS643 110p [40105 150p | 78HOSKC 5A 5V 575p { TILSIA TIL81 
74155 629/140p| 74.S643-1 100p | 40106 48p |78H12 5A 12V 640p SFH305 _ 
74156 74L$125 50p 88p |78P05 10A 5V 900p 
74157 T4LS126 50p} 74LS644 Variable Regulators 
74159 74LS132 65p} 74LS645 LM305AH 250p 
74160 74L$133 80p} 74LS645-1 LM317T TO-220 150p 
74161 74LS136  45p LM317K TO3 240p | iLoz4 
74162 74L$138 = 55p| 74LS668 LM337T 3A+VAR 225p 
74163 74L$139 74LS669 0p | LM350T BALVAR 400p 
74164 Sei oe 60p |40173/4067 LM396K 40A+VAR £15 16 pin 35p 40 pin 
74165 48147 74LS682 0p TL200Red 12p TIL222Green 18p : 
74166 74LS 148 74LS684 55p |40174 Pate 5A+VAR aep TIL211Green itp THL2260range 2p Wi I 
74167 74.8151 74L S687 36p |40175 79HGKC BA+VAR 6755 | ee ee iil e also stock a large 
Zeme ving ee qa e602 al pei 7EGUIC TA+VAR 225p | oxaes Mvsaie4Green # range of Transistors, 
Bp [40244 : 
74173 74L8164 60 |40245 i a 25OP | (di-coien), Mee Ractioes I Diodes, Bridge Recti- 
74174 74LS165 745 SERIES 60p {40257 revi equ RGY 30p re 
74175 74LS156 J 80p {40373 $G3524 S000 pews! ame BPX25  300p 4 fiers, Triacs Plastics, 
74176 74L$157 74800 140374 A 
Grete oie asp (20095 T1494 Soop | "DRIVER Thyristors and Zeners. 
74LS160A 74804 400p |80C97 i 
TALS 1604 TasoA | oe 78840 250p | 9388 —-$50p Please call for details. 


~~ PLEASE ADD 50p p&p & 15% VAT 
T ( A NOMATIC d Lrp ; (Export: no VAT, p&p at Cost) _ 
MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NW10 1ED ,; Orders from Government Depts. & Colleges etc. welcome. 
- Detailed Price List on request. 
Stock items are normally by return of post 


SHOPS AT: 17 BURNLEY ROAD, LONDON NW10 
 (Tel;01 208 1177) Telex: 922800¢ 
__ 305 EDGWARE ROAD. LONDON W2 
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Social Consequences 


Dear Sir, 

I feel | must reply to Joseph 
Michael's letter (ETI, January 1986) 
concerning the inclusion in ETI of 
articles with political aspects. If | 
understand Mr. Michael’s rather 
garbled argument correctly, he is 
presenting an attitude which is, in 
my opinion, untenable, In the 
interests of brevity, and in order not 
to appear too didactic, | will make 
three simple points. 

Firstly, those of us who are 
scientists or technicians of some 
description have a responsibility to 
pay heed to the social 
consequences of our work, a point 
which Alfred Nobel realised. How 
can we do this if we are not kept 
informed of how science and 
technology is (allegedly) being used? 

Secondly, although as Mr. 
Michael says, ‘Many hours of 
politics are screened on television 
each day’ it is devoid of hard 
technical data, aimed as it is at an 
audience most of whom would not 
understand such details. What. 
better forum for these details than a 
technical publication like ETI? 

Thirdly, these articles do not 
pose a threat to the conventional 
contents of the magazine, as Mr. 
Michael seems to imply. The 
Greenham piece took up only half a 
page in an isue of sixty-six pages! 
Anyone who wished to ignore it 
could do so with ease. 

In conclusion, | look forward to 
many thought-provoking future 
articles about the wider 
implications of electronics. 

Yours faithfully, 

MalcolnyRay, 

London NW6 


Deat Sir, 

On return from a trip abroad ! 
welcomed the opportunity to 
peruse Dec. and Jan. issues of the 
magazine. After reading of 
Greenham Common and your reply 
to the letter from Sgt. R. Hailstones 
I have informed my newsagent to 
cancel my subscription. 

| have no wish to encourage you 
to monitor any aspect of one of our 
defence establishments. 

Yours faithfully, 

C. H. Hargreaves, 

Manchester. 
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The idea that ‘our defence 


{ establishments’ are above monitoring, | 


find frankly appalling. They are, | 
believe,there to defend us and, what's 
more, they hold the power to destroy 
millions of us and millions of our fellow 
human beings. If any institutions should 
be monitored as a matter of course, 
surely it is them. Like it or not, ETI 
belongs to the family of the media and 
the responsible members of this family 
should represent the interests of 
concerned citizens. Electronics is a 
hobby or a career for just about all 

our readers, but it is also an instrument 
of warfare (or, if your prefer, defence). | 
think it absolutely right and proper that 
ETI and its readers should be aware of 
this. Incidentally, the abandonment of 
the dual-key policy with regard to 
cruise missiles means that the Greenham 
base can hardly be described as ‘one of 
our defence establishments.’ The 
decision to deploy the missiles sited 
there will, if that dreadful day ever 
comes, be entirely in the hands of the 
American Armed Forces. — Ed. 


Alf — A Bet! 


Dear Alf 

I spend a great deal of time 
ping puzzles of one sort or 
another, and enjoy yours very 
much. However, | think I’ve spotted 
a mistake in your solution in the 
January issue: the answer ‘(9R + 
AR)/W/ Alf should read ’9R + (4R/V 
Alf)’, with a similar amendment to 
the following line. 

| wonder if you’ve ever come 
across the old favourite about the 


| cube of one-ohm resistors? Twelve 


one-ohm resistors are wired together 
in the form of a cube and the 
problem is to determine the 
resistance between any two 
diagonally opposite corners; for 


Ag B 


instance, between point A and G in 
Fig. 1. A solution by the usual series 
and parallel resistor calculations is 
possible, but there is a much easier 
way. 

__ From the symmetry of the cube, 
- itis easy to see that the voltages at 


points E, D and B will all be the 
same, no matter what signal may be 
applied to points A and G. A similar 
argument applies to the voltages at 
points H, F and C, which will also be 
equal to each other. If the 
symmetry is not obvious from Fig. 1, - 
the same resistor network is shown 
rearranged in Fig. 2 to make it 
clearer. 


A 


If the voltages at any two points 
in a circuit are equal, it can make no 
difference at all to the operation of 
the circuit if the points are 
shorted together, since no 
current will flow through the link. 
Therefore, points E, D and B can be 
joined together, and so can points 
H, F and CG, as shown by the dotted 
lines in Fig. 2. With these links in 
place, the resistance of the cube 
can easily be calculated: it is 1/30hm 
+ 1/6 ohm + 1/3 ohm = 5/6 ohm. 

Yours sincerely, 

Chris Finn, 

Beverley. 


Thank you for writing, it’s not often | 
get a letter to myself, not being 
appreciated around here like | should. | 
can’t speak about the brackets, not 
actually writing the puzzles myself, it’s 
Auntie know-it-all Static to blame for 
that. She probably has a degree in 
brackets, | shouldn't be surprised. How 
would you like it if everytime you made a 
mistake, old smarty pants let the whole 
world know about it? The puzzles would 
be a darn sight better if | did write them, | 
could tell you a few things about 
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Auntie’s rust spots and flea byte’s 
wooden head. | hope they don’t see this 
letter. Anyway, thanks again for the 
letter, and if you’ve got a puzzle that will 
really tie old smarty pants in knots, just 
send it along and then we'll see. — Alf. 

P.S. Auntie Static writes: Any student 
of bracketology will realise that Chris is 
right. | blame the editor. — Auntie. 

P.P.S. The Editor writes: That’s 
enough about brackets (or parentheses, 
(for that matter)). — Ed. 


Scope For improvement 


Dear Sir, 

| am interested in building the 
ETI Oscilloscope (May-July, 1982, 
and February, 1983) and as 
informed in the February 1983: 
issue, | sent a PO for £2 to obtain 
the pot core (ET30) from Neosid. 
This PO was sent in early August. 
Up to now, | have not received the 
pot-core. Please clarify. | have not 
got any sort of acknowledgemen 
from Neosid. ; 

It was mentioned that other pot 
cores may not work because a large 
inductance factor is needed. What 
is the inductance factor — perhaps 
Siemens or others may have one 
suitable? Please advise. * 

Finally, please note, | have 
written many times on previous 
occasions and have got no replies. 
Please break your habit in this case! 

Yours faithfully 

K. G. Vergis, 

Malaysia. 


Since the design was published, 
Neosid have become trade suppliers 
only. They will not supply individual 
orders for the ET30 but they should, of 
course, return your postal order. 
Unfortunately, we have no 
specifications for the pot core used in 
the design. All is not lost, however. We 
have received a number of queries like 
Mr. Vergis’s and — as arresult — the 
relevant parts of the circuitdre being 
redesigned around a more readily 
available inductor. The revised design 
willbe published towards the middle of 
this' year. — Ed. 


2001 Revisited 


Dear Sir, 

Reference ETI, September 1985, 
and the Cortex I/O article. Your 
circuit for the 74LS2001 has an 
error. Header pin 2 should be the 
output and pin 16 the input of 1C2. 
By the way, if you have any info on 
the internals of the 74LS20017 or 
know where | can get info. on it, | 


would bé grateful. 
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! built the header circuit 
(modified as above) and it works 
okay. | built mine a bit more 
compact than that suggested in 
your article — ona 20 pin DIL 
header (soldering the board 
directly on to pins 11 to 20 of the 
header and mounting IC2 about 
1C1) 


Yours, 
Mike Gallagher 
Rugby. 


Thanks for the correction, which will 
go straight into OOPS! As for the.2001 
we can only suggest you get in touch 
with Richard Roberts at 
Microprocessor Engineering, 21 
Hanley Road, Shirley, Southampton 
$O1 5AP (0703 780084). — Ed. 


Cri De Constructor 


Dear Mr. Editor, Sir! 

| am writing to you in hope that 
you might be able to help me get 
some components for the Barry 
Porter Modular Preamplifier (ETI, 
December 1983, January and 
February, 1984). Your were able to 
help before when | was building the 
System A Power Amps — which are 
still going strong and love CDs. 

| need two sets of parts for the 
disc amps (I received the PCs from 
you) and a friend in the UK has 
been unable to contact XL Audio 
Parts either by phone or letter. They 
may have moved again or folded. | 
would be grateful if you could help 
with an address. 

Incidentally the headphone amp 
sounds great (with mods to PCB and 
using TIP41/42Cs). 

If XL don’t exist anymore, be so 
kind as to suggest someone else. 

Thanks, 

John Alderton, 

Republic of South Africa 


XL have proved to be elusive for a 
number of readers. NP Electronics, The 
Mill House, Watlington, Kings Lynn, 
Norfolk PE38 9DW (tel: 0553 — 810 
096) have offered to supply kits of 

the nor-polarised electrolytic 
capacitors and none of the other 
components should present many 
problems. By the way, ‘Mr. Editor, Sir’ 
strikes just about the right note. Keep it 
up. — Ed. = 


Dear Sir, 

In your July and August, 1984, 
editions of your magazine you 
featured a printer buffer kit. In 
Zimbabwe we do not have ready 
suppliers of electronic components 
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and | would like to make up two of 
the above buffers, is there any 
supplier that you know of who 
could assist in making up the kits 
and at the same time give me some 
advice on connections, firstly to a 
Commodore which has only an 
RS232 interface and secondly to a 
Nascom 2. The printer in both cases 
has a Centronics interface. Will | 
require an additional adaptor for 
the Commodore to accept the 
Centronics interface? 

Your assistance is appreciated. 

Yours faithfully 

P. Squair, 

Zimbabwe. 


I presume you are talking about a 
Commodore 64, in which case the 
answer to that query is that you will 
definitely require a lead to connect 
the 64 user port to the printer 
Centronics input. You may also require 
some software, although most 
commercial programs include the 
routines as standard and, in any case, 
the routines are not complicated if you 
know how to handle the 64 user port. 
For further information and advice, 
contact the PCB and EPROM supplier, 
Tronik Designs, 68A Broomfield 
Avenue, Palmers Green, London N13 
4)P. Cables and software for the 64 can 
be obtained from 64 Supplies Company, 
PO Box 19, Whitstable, Kent CT5 1TJ. 
— Ed. 


Dear Sir.or Madam, 

I wish to construct a Digital 
Cassette Deck such as is described 
in your issue of ET! for September 


_ 1984, page 27, for computer use. 


Could you please inform me 
where | can obtain the Tanashin 
Electric TN-3600 cassette deck 
required for this project. 

As there is no mention of the 
renewal of your PCB service in your 
issue of ETI for this December | 
must assume it is not yet 
functioning. If you are not yet ina 
position to supply the PCB | require 
for this project, perhaps you would 
be so kind as to let me have a good 
foil pattern so that! can etch a 
board myself. 

Yours sincerely 

D. Van Beirendonck 

Flint, 

Clwyd 


The PCB Service is now back and 
raring to go. The Digital Cassette Deck 
PCB costs £10.25 and you will find 
details of how to order towards the end 
of the magazine. The deck itself is 
obtainable from Cirkit, Park Lane, 
Broxbourne, Herts. Stock number is 72- 
03600, price £43.95. — Ed. 

ETI 
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AUNTIE STATIC’S PROBLEM CORNER 


Dear Auntie, 

| have been following ETI’s 
Sound Sampler project with great 
interest, but despite my degree in 
electronics | often find myself 
getting in deep water. For one 
thing, | have never heard of 
‘switched capacitor’ filters. Will you 
please explain what they are and 
how they work? | am sure other 
readers would be interested. 

W. Richards, 

Chatham, 

Kent. 


A popular circuit for implementing 
standard filter configurations is the 
‘Universal State Variable’ filter, shown 
in Fig. 1. The circuit gives high pass, 
band pass and low pass outputs, and 
with the addition of an extra op-amp 
will also give a band reject, or notch, 
output. In addition, with suitable choice 
of component values, the circuit can be 
made to conform to any of the classical 


filter responses: Bessel, Cauer, 
Chebyshev, Butterworth, and so on. You 
can’t get much more universal than that! 

Unfortunately, the circuit has a 
number of disadvantages, not the least 
of which is that the design equations 

.are complicated enough to make you 
consider abandoning electronics and 
devoting your life to stamp collecting. 
Apart from that, if the response of the 
circuit is to be at all satisfactory, 
precision low-drift capacitors are 
needed. These tend to be rather 
expensive. 

The switched capacitor filter offers 
all the advantages of the state variable 
filter with far fewer shortcomings. 

The design equations are simple, there 
are no external capacitors, and the 
turnover frequency is accurately 
determined by the frequency of the 
applied clock signal. 

If you look again at Fig. 1, you will 
see that the filter consists, in essence, of 
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an op-amp followed by two integrators. 
The resonant frequency of the filter will 
be determined by the time constants of 
the two integrators, R,C, and R, C, 
(and also by the ratio of R,,, to Rip, 
incidentally). 

Using sampled data techniues, the 
resistor in each integrator can be 
replaced by a capacitor and two 
switches, as shown in Fig. 2. The two 
switches are closed alternately. With 
SW1 closed and SW2 open, C, will 
charge up to V,,. With S, open and SW2. 
closed, C, is discharged into\the virtual 
earth at the inverting input ofthe op- 
amp. Each time SW2 closes, a charge of 
C, V;, is transferred, and if the switches 
are opened and closed by a clock-of 
frequency, f, with one operation of both 
switches every clock cycle, the average 
current will be V,,/R, so the capacitor 
and switches have an ‘equivalent. 
resistance’ of 1/fC, and the time 
constant of the integrator will be C,/fC,, 

Now, if the idea is to build a filter 
from discrete components, this has just 
compounded the problem. Instead of 
one precision capacitor for each 
integrator, we now need two! In the 
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swt sw2 
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| Fig. 2 A Switched Capacitor Integrator. 


case of an IC, however, although it is 
still quite tricky to fabricate accurate 
capacitor values, it is relatively simple to 
maintain the ratio of two capacitors 
within very precise tolerances. For 
instance, if the IC designer intended C, 
to be 10 F and C, to be 50,F, variations 
in the production process may lead to 
their values being 10% higher than 
intended (say), but as both capacitors 
are subject to the same processes they 
will both be higher by 10%, and the 
ratio (11,F to 55,F) will still be 1:5. 


The.term.involving time constants in 
the equation for the resonant frequency 
of the filter of Fig, 1 is 1/-Y T, T,, where 
T; and T,.are the time constants for the 
two integrators, |f all other component 
values are held constant, the frequency 
will be.directly proportional to the value 
of this term. Using the time constant of 
1/kf for @ach switched capacitor 
integrator (k is C,/C, ; a constant 
detemined by the IC manufacturer, as 
already explained), this‘term becomes 
Vv k’f_or kf, So not only is the resonant 
frequency dependent on the clock 
frequency, it is directly proportional to 


‘it! In the case of the MF10 XG, circuit 


parameters:have been chosen by the. 
manufacturer to make the ratio ‘ 
between the clock frequency. ani 
turnover frequency 50:1 or 100:L- 
(selectable); so the calculation could 
hardly be easier! 

The complete diagram of the MF10 
is.shown in Fig; 3 It has various 
additional*facilities to make the circuit 
more versatile, buf still consists 
essentially of an op-amp and two 
integrators. There are two identical 
second order filters in each IC, which 
makes the circuit look more 
complicated than it actually is. 


Fig. 3 Block diagram of the MF10 
switched capacitor filter (courtesy 
National Semiconductor). 


Other members of the MF10 family 
are: the MF4 — a fourth-order 
Butterworth low pass filter in an 8-pin 
package, needing no external 
components at all, the MF5, which is 
just half of the MF10, that is to say just a 
single second-order filter, and finally the 
MF6, a sixth-order Butterworth low pass 
filter which doesn’t even need an 
external clock. 
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INTERNATIONA 


AN ARGUS SPECIALIST PUBLICATION 


Almost An Audio Special! 


10 copavatt Amplifier On 
A Pinhead 


Well, Almost. Actually, it isn’t quite that powerful and itis 
alittle bit bigger than a pinhead, but even so we think the 
ET! Matchbox Amplifier is going to be hard to. . . well, 
match. It’s a good bit smaller than the average matchbox, 
delivers up to 50 watts RMS and uses a standard power- 
amp IC in either a single-ended or bridging configura- 
tion. Even with a power supply and generous heatsinking 
attached, it should still be possible to produce a strikingly 
small amplifier system using this board. Get your magni- 
fying glasses ready now! 


Battery-Operated PA Amplifier 
Continuing with the audio theme, we present a John 
Linsley Hood amplifier design which offers 50 watts of 
high quality audio and can be operated from a car bat- 
tery or other 12V DC supply. Unlike some designs in 


Plus 


which the amplifier stages operate directly from the low- 
voltage supply, this project employs a switch-mode 
power supply which generates a 55V DC rail, reducing 
the need for compromises in the design of the amplifier 
itself. The first article describes the design and construc- 
tion of the PSU, a self-contained unit which can be used 
with this and with other amplifier units orin any applica- 
tion where a55V DC 2A supply must be obtained froma 
12V DC input. 


Constant Current Sources 


Graham Nalty takes a look at the various types of con- 
stant current generator circuits in use and discusses their 
strengths and the weaknesses and the uses to which they 
are put. Taking up the audio theme which runs through 
this issue, he considers the use of constant current 
sources in audio amplifiers and describes the effect of 
introducing modified constant current arrangements 
into aproprietary hi-fi amplifier, raising some potentially 
controversial issues in the process. 


Projects, features, Tech Tips, News Digest, Circuit Solu- 
tions, Read/Write, Reviews and a SPECIAL OFFER — a 
digital multimeter module which we are offering at a 
knock-down price, complete with some suggested cir- 
cuits to help you make maximum use of it. 


AND... 


Three more projects to build.on your free PCB — a frequency meter module, atouch switchand a Coldbathwaterometer! 


- THE AUDIBLY-SUPERIOR APRIL 1986 ISSUE 
OF ETI, ON SALE MARCH 7th. HAVE YOU 
HEARD HOW GOOD IT IS? 


Articles described here are at an advanced stage of preparation but circumstances beyond our control may dictate changes to the final list of contents. 
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EXPANSION 


Why upgrade when you can expand? Do you really need 
Megabyte power, or can your micro do the job with a little 
ingenuity and a home-built add-on? Mike Barwise cuts through 
the jargon jungle to rescue the good old 8-bit from the inflated 


claims of the supermicros. 


he mushroom growth of the home computer 
T industry has injected an almost maniacal sense 

of urgency into marketing strategy. No sooner is 
one model in the shops than the next is under 
development, in the hope that the public will buy and 
buy again. 

This has had a significant influence on the design 
of the home micro. Short development times coupled 
with the need for obvious advantages in the next 
model has led the industry to arose micros which 
are in essence cut down versions of the previous 
generation of business computers, But design con- 
cepts which have validity in high performance 
business computer systems can easily degenerate into 
mere buzz words when pared down and applied to 
the design and marketing of the low cost home micro. 

Emotive descriptions of processor power, speed 
and memory capacity capture the imagination, fre- 
quently clouding understanding of the concepts 
involved and their currency. These descriptions often 
prove to be no more than sales pitch, having little 
relevance to the real performance of the home micro. 


Megabytes: Who Needs Them? 


As microchip design progresses it becomes possi- 
ble to cram more and more microscopic hardware 
into a smaller and smaller space. Larger scale integra- 
tion can run faster due to improvements in design, 
and costs less per function, since expenditure on die 
development is not directly proportional to gate 
count. 

On the other hand, skilled technician time stays as 
expensive as always and various high level compilers 
are now almost universally used to speed up commer- 
cial software development. These produce bulky and 
slow code, but increase the productivity of software 
developers by up to 100 times, when compared to 
the output of programmers using assembler. 

Faster and more highly integrated hardware 
systems running massive software at considerably less 
than maximum efficiency have become the order of 
the day in business computing. Since the tasks 
generally required for business applications are not 
excessively demanding, performance can be very 
high, but the high speed and enormous memory 
requirements of such implementations have created 
user expectations which are not really applicabie to 
the 8-bit micro. 
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To keep the price down, the home micro uses 
much simpler hardware than its business brother, with 
an 8-bit data and a 16-bit address bus remaining the 
norm. The average business-oriented micro, with a 20- 
bit or 32-bit address bus, has an address map in 
excess of 1Mbyte, whereas the home micro usually 
has 64Kbytes maximum. Ironically, home micro 
users are likely to demand a much wider variety of 
applications of their less complex and_ slower 
hardware. 

There is nothing, however, to prevent the expan- 
sion of almost any 8-bit home micro into quite an 
advanced, fast and complex system. The first step is to 
appreciate some of the most significant machine- 
level design principles. 


Micro Memory 


The small micro address map may generally be 
divided into four more or less functionally distinct 
areas: systems, program and data memory, and |/O 
ee As most recent micros have almost every avail- 
able space already dedicated, it is important to take 
the maximum advantage of any ‘user area’ available. 

Systems memory is that portion allocated to the 
hidden ‘housekeeping’ tasks of the micro, including 
the I/O drivers, the system control code, the variable 
and pointer stacks and the scratchpad areas. Different 
systems make widely differing demands on memory, 
but in general, the higher ‘level’ the micro, the more 
systems memory it requires. As a user of a ready-built 
machine, you normally have little control over the 
allocation of systems memory. 

Program memory is the area set aside for user 
applications software. Strictly speaking high level 
language interpreters and compilers are situated in 
the program memory as well, although some micros 
will not allow the user to access the areas set aside for 
them when they are absent. 

The way in which applications software is written 
largely defines program memory usage, so it is 
reasonably easy to adapt and make use of extensions 
if you are writing your own software. However, few 
efficiently written 8-bit micro applications should 
require in excess of 28-32K of program memory, so 
you shouldn’t go mad. 

Data memory is the real crunch when it comes to 
the small address map of the home micro. It is often 
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not delineated from program memory, there being a 
tendency to store data in array structures appended 
to the program. This is not necessarily the best 
answer. Depending on your application, you may 
need aryening from a few bytes to a Megabyte or 
more. When data memory is separate from program 
memory, it is the easiest of all memory areas to adapt. 
Various approaches to unmapped and semi-mapped 
HOlagS can extend it theoretically almost without 
imit. 

\1/O space is the easiest area to start from when 
post-implementing expansion on your micro. Almost 
all adequate micros have one or more (usually small) 
undedicated ‘user’ expansion areas. The trick is to 
cram as much as possible into these spaces. 


Commercial Micro Expansion 


Paged memory units, RAM-disk, files, second pro- 
cessors and buffers are optional add-ons available for 
an increasing number of home micros in an attempt to 
overcome capacity and speed restrictions. Unfor- 
tunately, it is rare to find add-ons from different 
sources which are compatible, and it is difficult to 
select the one which will perform best in a specific 
user-defined application. Alt of them have to be fairly 
general in their application, or else be dedicated to 
accompanying software packages, in order to cover an 
adequate market. The principles of these gizmos are 
nevertheless remarkably simple, and with a little 
ingenuity they may even be improved upon by the 
enthusiast. 


RAM Disk 


RAM disk is really a misnomer. The system _ is 
actually a type of buffer ported to look at high level 
like a disk interface. Without the disk drive emulation 


software, a similar buffer concept can be used with 
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Fig. 1 Ported buffer configuration. 
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SYSTEMS MEMORY 
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Fig. 2 Second processor configuration. 
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increased versatility, as long as the user keeps track of 
data structures. Such buffers are more suited to data 
than to program storage, but can also be used in inter- 
faces to secondary or slave processors in multi- 
processor systems. The design of ported buffers will 
figure later in this series. 


Second Processors 


The second processor (Fig. 2) is essentially a 
special case of the multi-processor concept. Its aim is 
twofold: to increase the effective program and/or data 
memory of a limited map CPU, and to allow the run- 
ning of non-native applications code. 

Either or both these aims may be fulfilled in any 
given installation. The principle is that the second pro- 
cessor takes over the running of the application, while 
the primary processor performs the relatively simple 
but time-consuming tasks associated with 1/O: 
keyboard input, printer output, disk storage, and so 
on. This not only relieves the second processor of 
interruptions and delays, but in addition releases for 
other uses the memory areas that would otherwise 
have to contain the I/O drivers and associated 
housekeeping code. A good example of this is the run- 
ning of CP/M on the Z80 second processor with the 
BBC micro. 

The idea is not a bad one in principle, but it has a 
few drawbacks for post-implementation. In order to 
install a second processor of this type, the original 
host (primary) processor has to be working in a 
software environment which was created with a 
second processor in mind, Also, to write applications 
software which makes full use of the facilities avail- 
able takes a great deal of systems knowledge. Both 
these cautions are due to the very general nature ofp 
the tasks being performed by both processors. 
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Fig. 3 Paged memory configuration. 


As a generalised system, the second processor will 
not necessarily perform specific: tasks at optimum 
efficiency compared with dedicated multi-processors, 
but on the whole it is probably a great deal better 
than nothing. Several DIY second processors have 
featured recently in ETI, and it is well worth a look 
back at the concepts embodied in them. (See, in par- 
ticular, ‘Second Processor For The Electron’, June and 
July, 1985). 


Paged Memory 


Paged memory (Fig. 3) allows whole large areas of 
the procesor map to be replaced at will by others 
effectively wired in parallel. Whole or part applica- 
tions can be rapidly exchanged for others during a 
program run. A high degree of consistency is required 
in the structure of software to be used in paged virtual 
memory systems, but the control overhead can be 
remarkably small. The BBC micro paged ROM system 
is an excellent example of the job done well. Com- 
mands included in different ROMs can be executed 
in succession, creating an effective program storage 
many times larger than the available real program 
memory. 


Multiprocessors 


The aim of a multiprocessor system (Fig. 4) is to 
enhance overall system performance by allowing 
dedicated sub-systems to handle specialised tasks 
concurrently and independently. 

Significant losses of system efficiency occur when 
data has to be transmitted to and from the real 
world. The majority of I/O is painfully slow by CPU 
standards, due to its reliance on mechanical devices, 
with all their attendant problems of inertia, wear and 
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tear and bits of carpet fluff. Some really complex 
maths problems can, if implemented in software, tie 
up the arithmetic logic unit and its associated areas for 
Jong periods, leaving the remainder of the system idle. 
It may also be necessary to acquire and/or transmit 
information asynchronously with a primary task, or in 
such volume that the memory constraints of the 
primary processor cannot accommodate it. 

These: problems can frequently be eliminated by 
the efficient linking together of single function subsys- 


There is nothing to prevent the 
expansion of almost any 8-bit home 
micro into .... an advanced, fast. and 
complex system... 


tems whcih can perform the time-wasting or other- 
wise impossible operations concurrently with, and 
independently of, other primary processor operations. 

An excellent everyday example of this is the prin- 
ter buffer (see ETI, July and August, 1985). The 
dedicated system emulates a printer port as far as the 
primary processor is concerned, but can accept data 
as fast as it can be sent, rather than at the mere 100 or 
so characters per second of the mechanical printer. 

A floppy disk controller chip is also a single func- 
tion sub-system, although this is less obvious at first 
sight. In this case it normally shares the primary pro- 
cessor memory (either by primary processor interven- 
tion or by direct memory access — DMA), but the 
principle is the same. Without the FDC, the micro’s 
CPU would have to send all the drive head steppin 
pulses with their associated timing, load and unloa 
the heads, test the index pulses and write protect 
signal, identify the track and sector ID references and 
compute the CRCs. Some additional means of 
parallel/serial conversion and back would also be 
needed. This is altogether a massive task, which would 
take a great deal of the primary CPU time to perform 
without an FDC. 


Multi-User and Multi-Tasking 


These are two increasingly common buzz phrases, 
primarily of interest in the office environment, where 
they improve throughput and assist the efficient use 
of expensive peripherals such as Winchester disks and 
high speed printers. Either several workstations or ter- 
minals (multi-user) or several independent tasks on 
one micro (multi-tasking) are performed concurrently 
by multiplexing so that most of the hardware is active 
most of the time. 

The principles are quite simple, but the adaptation 
of small systems to work in this way is probably too 
much effort for the return from a system not designed 
with multiplexed operation in mind. 

Home micro users should consider enhancement 
of their systems primarily from the hardware 
standpoint. Adaptation of the operating system, apart 
from being frowned upon in the current contentious 
atmosphere surrounding the copyright situation, is 
really a very difficult job. The level of familiarity 
required to do it properly would enable the user to 
make a start on their own independent OS, and if you 
could do that, you would be unlikely to be reading 
this article! 
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Fig. 4 Typical multi-processor system configuration. 


The host (primary processor) software required to 
drive any extensions should be minimal, so we are 
really left with the addition of dedicated single func- 
tion (possibly processor-controlled) sub-systems, 
allowing concurrency of independent tasks, con- 
trolled ideally by no more than short instruction 
sequences from the primary processor. Interdepen- 
dent tasks performed in this way require more careful 
control in the time domain, but the problems are by 
no means insuperable. 


Key Functions 


The key to optimisation is to identify those func- 
tions of the overall system which are invariable or 
could advantageously be operating concurrently with 
other tasks. These will normally include: 

1. Data file 1/O operations via mechanical devices 
which constrain the processor system to low fixed 
transfer rates, frequently asynchronous with the 
system timing. - 

2. Protracted arithmetic on volume data (for exam- 
ple, encryption/decryption) where long delays can 
occur between provision of data and obtaining a valid 
‘answer, and where hardware arithmetic can substan- 
tially improve throughput. 

3, Real world data interfaces such as analogue data 
logging where data may be presented unexpectedly 
or at high asynchronous rates, and are lost if the inter- 
face is not serviced in time. 

4. Control interfaces to motors and experimental 
rigs where the control consists of the sending of one 
or two mode instructions followed by long sequences 
of, say, serial pulse trains which could be readily 
generated by simple hardware, 

In the forthcoming parts of this series | will be 
discussing ideas for systems building blocks suitable 
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for these and similar tasks. Design notes will cover 


inter-systems buffer hardware 
handshaking. 

The 6500 series processor will be used as a model 
when specific details are called upon, as these pro- 
cessors are about the simplest in structure, but 
operate in a manner typical of the majority of 8-bit 
CPUs used in home micros. 

Next month | will be concentrating on efficiency, 
reliability and dynamic investigation of microsystems, 
systems watchdogs and guidelines for a DIY logic 
analyser. 

In the meantime, get out your micro technical 
manual and familiarise yourself with the address map. 


ports, memory, 


Home micro users should consider 
enhancement of their systems 
primarily from the hardware 
standpoint... 


Make notes first on the locations of designed-in 
‘user areas’ dedicated to both RAM and I/O, and then 
on functions which you would like to see enhanced. 
For example, if you need a fast A-to-D interface 
(around 50kHz acquisition rate) it is worth consider- 
ing exchanging it for the slow one built into your 
micro already. 

Once you have a general idea of the address map 
which is tree for post-expansion, the best approach 
can be defined. If your list is very short, the only 
answer is reaily to add intelligent peripherals, and 
finish up with a multi-processor system. Even if your 
list is quite long, this is, in my opinion, still the most 
exciting alternative. 


ETI 


21 


THE 
GO 


SHOW MUST 


ON 


Display technology is such a fast moving field that we felt it 
worthwhile to get up to date with some very recent 
developments. Keith Brindley was at the latest trade show in 
the cause of further enlightenment. 


the CRT is certainly getting on a bit. It has been 

around forahundred years or so in one form or other, 
although only as a display device in televisions since 
about 1930. 

The resolution of a CRT display is dependent 
primarily on the distance between the phosphor spots 
produced bythe electron beam asit forms the picture. In 
a colour CRT, the resolution depends on the distance 
between triads of primary colour spots, which in turn is 
dependent on the accuracy of the shadow mask used to 
direct the three beams to their respective colour 
phosphors. CRTs with spot distances (known as pitch 
sizes) of as small as 0.2mm have been made, but typical 
television CRT displays have pitch sizes of about0.6mm. 
In terms of resolution, the CRT has a way yet to develop, 
but we can expect television pictures of tremendous 
clarity from high resolution CRTs. 

The problems associated with CRTs are not to do 
with picture clarity. They are large, ungainly and heavy, 
their depth is often as big as or greater than the screen 
size. They consume a lot of power — up to 200 watts or 
50. They are fairly easily damaged. None of this is any 
great disadvantage for mains- powered, fixed-site equip- 
ment, as long as you don’t mind your television taking up 
all of the corner of the living room, or your computer 
taking up most of the room on your desk. If lightness, 
durability, and power consumption are important, then 
the conventional CRT will not do. 


i t's only right that we should give priority to age, and 


Y DEFLECTION PLATES 
ELECTRON GUN 


/ELECTRON MULTIPLIER 


X DEFLECTION PLATES 


SCREEN 


REVERSAL LENS 


Fig. 1 Philips flat-screen CRT (simplified). 
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The latest from Epson — the high-contrast ‘Black Shutter’. 


Sinclair's flat-screen CRT is one development of a 
traditional technology. As it stands, however, the device 
— though ingenious — is monochrome, difficult to view 
and constrained by its very ingenuity to remain small. 
Philips is one company developing a flat-screen colour 
CRT. While similar to the Sinclair device in that the elec- 
tron beamis side-projected, itis totally different in other 
respects (Fig. 1). The Sinclair tube uses a familiar electron 
gun bent through 90°. To engineer such a tube for the 
accuracy required of colour television would bevery dif- 
ficult. Philips use a single electron beam — like Sinclair 
but it scans at three times the normal rate, so it can cover 
all three spots in a colour triad. It also has an unusual 
approach to deflection. After reversal of the beam, 
frame plates bend it to the required spot on the screen. 
Before hitting the screen the beam passes through an 


. electron multiplier, increasing the number of electrons 


and so making a brighter spot. ITT and Siemens are the 
other two companies working on the developments of 
flat-screen colour CRTs. 


The Liquid Crystal Ball 


Apart from dabbling at new developments in CRTs 
(Sony's Trinitron CRT —asingle electron beam device — 
and Toshiba’s flatter, squarer tube) the Japanese appear 
to be leaving major CRT developments such as flat- 
screen devices well alone. Instead they are concentrat- 
ing afforts towards flat-panel displays which do not use 
electron beam at all. 

The main force of their work so far has been in the 
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development of LCD devices, but other technologies 
will probably form the display devices of the future. 

There are anumbertypes of LCDs, but the principleis 
the same inall of them (Fig. 2). A layer of liquid crystals is 
sandwiched between two transparent electrodes. The 
molecules of the liquid crystals are generally aligned in 
one direction and so light from behind the device can 
pass through. When a potential is applied across the 
electrodes, however, the molecules of the crystals all 
became polarised into another alignment, which pre- 
vents light from passing through the layer, making the 
layer appear dark. 


PARENT | | | . 


INCIDENT LIGHT INCIDENT LIGHT 


T 
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NO EMERGENT LIGHT 


EMERGENT LIGHT 


Fig. 2 LCD operation. 


Three main varieties of liquid crystal are used to make 
LCDs: nematic, cholestric and smectic (Fig. 3). The major 
difference is in how the molecules are aligned, and this 
produces greatly different LCDs. 
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Fig. 3 Temperature dependent structures in liquid crystal. 
Nematic liquid crystals are more commonly called 


‘twisted nematic’ crystals, because the crystals 
sandwiched between the transparent electrodes are 
twisted through 90° between one electrode and the 
other when no potential is applied. Polarising sheets (at 
90° to each other) areapplied atthe frontand backofthe 
device, so that light entering the LCD is polarised in one 
plane by the first polarising sheet, passes through the 
liquid crystal where it is twisted through 90° by the 
twisted nematic struture, then leaves the device through 
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Fig. 4 Twisted nematic LCD. 
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the second polarising sheet (Fig. 4). Typically the LCD 
wouldn't normally be used like this, but a reflecting 
surface would direct the emergent light back through 
the set-up, so that an observer on the same side as the 
incident fieht would see a ‘transparent’ area. 

When a potential is applied across the electrodes, 
the crystal becomes active, and the molecules are all 
aligned in one direction. The incident light, which is 
polarised by the first sheet, now passes through the 
liquid crystal without beng twisted. It cannot pass 
through the rear polarising sheet, cannot be reflected, 
and therefore cannot be seen by the observer, An 
Opaque area is produced. 

Cholestric crystals do not need polarising sheets 
since a dye is added to the liquid crystal to absorb the 
incident light. LCDs using this principle are sometimes 
known as‘guest-host’ devices. Dichroic dyes, which pro- 
duce a different colour depending on which way their 
ces are aligned, are the ‘guests’ in the liquid crystal 
‘host’. 

Inaninactive state, incident light passing through the 
liquid crystal is polarised by the natural twist in the struc- 
ture, and because of the dye the emergent light appears 
coloured (Fig. 5). As with twisted nematic LCDs, when 
the activating potential is removed the structure reverts 
back to its inactive, though this time coloured, state. 
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Fig. 5 Cholestric LCD. 


Heat Waves 


All liquid crystals have several temperature depen- 
dent phases, in which the ordering properties of the 
molecules change. Three phases: isotropic, nematic and 
smectic are used in smectic liquid crystal devices to 
create a different type of LCD. Smectic LCDs rely on 
three phonomena to do their job: 


1. In the smectic phase, the molecular arrangement 
of the liquid crystals cannot be changed by an 
applied electric field. 


2. When liquid crystals are heated to the isotropic 
phase then cooled to the smectic phase with no 
applied electric field, they become strongly dis- 
ordered. 

3. When heated to nematic phase, then cooled with 


an applied electric field to the smectic phase, the 
orientation of the molecules will be as in the 
nematic phase. 


To exploit these phenomena, smectic LCDs use a 
matrix of electrical lines so that each display element in 
the display can be addressed and heated electrically. 
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By heating the liquid crystals to the isotropic phase, 
then cooling them to the smectic phase, incident light 
is prevented from passing (Fig. 6). By heating the crystals 
to the nematic phase, applying an electric field to align 
the molecules, then cooling to the smectic phase, inci- 
dent light is allowed to pass. 
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Fig. 6 Smectic LCD. © 


The really clever bit is that by maintaining the tem- 
perature so that the liquid crystal is held in the smectic 
phase after it has cooled from an isotropic or nematic 
phase the crystal molecule arrangement remains fixed 
at what it was, prior to cooling. Smectic LCDs have a 
memory facility so that removing the‘addressing’ poten- 
tial has no effect. To change the molecuar arrangement 
requires a further addressing, heating, and cooling 
procedure. 

Most of the work currently being undertaken into 
computer-type LCDs is along the smectic lines. One of 
the latest LCD developments is STL’s smectic-A 760 x 
420 pixel prototype display which, itis hoped, will be on 
the market soon. 


Colour LCDs 


The LCD techniques we've looked at so far have 
been for dot-matrix displays — ideal for computers but 
not so good for televisions. There are three reasons for 
this. First, the displays are monochromatic — and who 
wants a black-and-white television? (Well, Sir Clive?) 
Second, the display type is dot-matrix — each dot can 
only be on or off, unlike CRT screen spots which are 
graduated in brightness. Most important is the response 
time of these devices (the time it takes for the device to 
switch between active and inactive states). Common 
response times are around 300ms — great for computer 
or alphanumeric displays, but certainly not fast enough 
for television where each spot on the CRT screen is 
addressed by the electron beam every 40ms. 

Two of these problems, colour and response time, 
are being tackled by a number of Japanese manufac- 
turers with LCD devices which use thin-film transistors 
(TFTs) mounted directly on the glass which forms the 
casing to contain the liquid crystal. The transistors are 
thus in direct contact with the crystal itself (Fig. 7). 

The use of TFTs dramatically reduces the LCD 
response time, down to a level approaching that 
required to display television pictures. By making an 
LCD element so small that it can be considered as aspot, 
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Fig. 7 Thin film transistors speed up response time. 


and by grouping three spots into triads, coloured filters 
can be placed over the individual spots so that the triads 
can be addressed much like the triads of a conventional 
CRT. And, hey presto, we have an LCD colour television 
display device. 

Anumber of Japanese manufacturers, notably Sanyo, 
Casio, and Citizen, have recently shown prototypes of 
colour television using this method. Sanyo’s, the largest, 
isa4 inchdisplay. The Epson Elf, acolourtelevision witha 
2 inch display, was the first to be produced and has been 
on sale abroad for a year or so already. 

The resolution of these displays is limited by the 
number of liquid crystal triads which can be produced in 
the device. At present the resolution doesn’t even 
approach that of typical low-grade television CRTs, butit 
is only a matter of time — and research money. 

Size is probably the colour LCD’s greatest enemy. 
The quality of the colour display is limited by the con- 
stancy of the thickness of the layers in the device. The 
larger the device, the more difficult it becomes to main- 
tain constant thickness. So, no wall-sized flat-panel 
television screens using LCDs yet, I’m afraid. 


Flat Contender 


A contender in the race to beat the CRT as the only 
viable television display device is the electrolumines- 
cent (EL) flat-panel. Electroluminescence occurs when 
certain phosphorescent materials are influenced by an 
electric field. 

Figure 8 shows a cross-section of an EL display, with 
criss-crossed electrodes allowing each point where two 
electrodes overlap to be addressed. The material 
sandwiched between the layers of electrodesis typically 
zinc sulphide, which emits a bright yellow-orange colour 
when an electric field is generated through it, but red, 
green and blue emitting materials have recently been 
isolated. 

EL displays are of four main types: DC thick-film, AC 
thick-film, DC thin-film, AC thin-film. Thin-film varieties 
have proved to be the most successful so far, in terms of 
reliability and power requirements. In these, a layer of 
powder phosphor, typically around 30um thick is 
deposited onto asheet of transparent oxide which forms 
the front electrode. This layer is then covered by a 
vacuum evaporated aluminium rear electrode. After 


TRANSPARENT ELECTRODES 


TRANSPARENT 
INSULATING 
MATERIAL 


TERN 


MATERIA 
INSULATOR 


BACK ELECTRODES 
Fig. 8 Structure of electroluminescent display. 
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etching horizontal and vertical rows and columns into 
the front and rear electrodes, the device is more or 
less usable. 

Such displays are of monochromatic dot-matrix form 
suitable for alphanumeric computer displays and 
graphics. By overlaying thin-films of red, blue and green 
emitting phosphide layers, there is hope that EL displays 
suitable for reproduction of coloured television pictures 
can be made. Their availablity on a commercial basis is 
many years off yet. 

EL displays generally need quite a high operating 
voltage (over 100V) and considerable current, so they 
are probably not the display to be used in portable 
equipment, but for flat-panel home or office use their 
potential is great. 


Plasma Gas Discharge 

Plasma gas discharge of inert gases under a strong 
electric field is the basis of another type of flat-panel 
display — the plasma display panel (PDP). The gas 
breaks down into a plasma snd eves off light. Neon 
indicators work in the same way. 

The two main varieties of PDP differ in the applied 
voltages. In the DC plasma display the criss-crossed 


electrodes are in direct contact with the gas. In the AC 
plasma display, the electrodes are close to the gas but 
electrically isolated from it (Fig. 9). 
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Fig. 9 DC and AC plasma displays. 


Large sized PDPs have been developed, initially for 
military use, and now available on a commercial basis 
and used in many computers. Thomson-CSF, for exam- 
ple, has recently produced a 1024 x 1024 dot-matrix 
PDP display, whose resolution is not far short of a 
CRT. 

PDP displays still have many disadvantages. Operat- 


ing voltages are quite high (typically around 80V), 


2s 


Thompson-CSF compact 96 x 200 dot graphic AC. plasma 
display. 
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they're not solid-state devices and can’t be as rugged as 
LCDor EL displays. Colour dispays suitable fortelevision 
use are going to be difficult, if not impossible, to make, 


ECDs 


One new form of display device, just now reaching 
the market, looks as though it might topple the CRT in . 
years to come. The electrochromic display (ECD) uses 
the fact that an electrochromic material changes its 
colour reversibly by redox reaction. 

For example, amorphous tungsten trioxide (a-WO;) 
turns reversibly from transparent to blue by reacting 
with’ lithium ions in an electrolyte, following the 
formula: 


WO,+ Lit + e° v Liwo, 
A simple display is illustrated in Fig. 10. 
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Fig. 10 A simplified electrochromic display. 


This display is much simpler in operation than an 
LCD, and would be much cheaper to make. It does, 
however, have significant disadvantages, not the least of 
which is its response times (over half a second to change 
from white to blue, and overtwoseconds to change from 
blue to white!) Significant development work is under- 
way, and it’s probably true to say that ECDs are only at 
the stage which LCDs were at 15 years ago (nowhere). 
Given a few years and some hard research and develop- 
ment... 


Old And New 


The problem for manufacturers is not just one of 
research and development because other factors, 
mainly financial, are also involved. CRTs are an old 
technology. They've been made for many, many years by 
experienced manufacturers. They are used mainly as a 
television display device, but they're also used in test 
equipment — oscilloscopes, spectrum analysers, logic 
analysers and frequency response analysers — as wellas 
in computers, Because of the numbers involved and 
because of tried and tested manufacturing techniques, 
they are very cheap. , 

Flat-panel displays, on the other hand, are new. 
They're relatively difficult to make and therefore expen- 
sive. So, manfacturers are going to be very Careful to 
analyse the situation before they decide on any one 
other display technology which they think can fit the bill, 
No one display technology is yet capable of being better 
than the CRT in all applications LCDs use much less 
power, but they havea very restricted viewing angle, low 
contrast, and can’t be viewed in the dark (the areanon- 
emissive technology); EL displays are much thinner and 
are an emissive technology, but their power require- 
ments are not much less than those ofthe CRT. ECDsare 
thin, have a wide viewing angle and high contrast, but 
they still have an unnacceptably long response time. 

At present, CRTs are unbeatable because technology 
rides on the back of its own success. Newdevelopments 
such as flat-sceen, low-powered, high resolution colour 
CRTs will be along soon. But time is the CRT’s own worst 
enemy. Given a few years, easier manufacturing techni- 
ques and lower manufacturing costs, flat-panel displays 
must surely beat and CRT. The questions are: which flat- 
panel device will do it — and when? ETI 
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OSCILLOSCOPE — SC110A 10MHz. 10mvV sensitivty. 40mm CRT with 6mm 
graticule divisions 
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GENERATORS — TG101 0.02Hz to 200kHz Function Generator: TG102 0.2Hz 
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Even professionals make mistakes, and Andy Armstron is not 
afraid to point out some of the commonest. If you’re thinking 
of designing a circuit, the best place to start is here. .. 


fter inspecting many designs at the draft stage, it 
A is clear that there are some misunderstandings 

& and design errors which crop up again and again. 
Some aspects of circuit design, for reasons unknown, 
seem to be ignored or glossed over by even the most 
seasoned practitioners. 

Most of the problems fall into the category of ‘things 
which will work most of the time or work with certain 
samples of the components used’. 

A typical example was faced by a friend of mine, ina 
vacation job after his second year at college, and 
involved unijunction transistors. Someone had 
designed (by dint of sheer building) acontrol unit, incor- 
porating aunijunction, foran electric arc welder. The first 
production batch of welders worked very well, but none 
in the second batch worked at all. 

It turned out that the circuit had been optimised, by 
trial and error, to work witha batch of unijunctions which 
were at the edge of the specification. The next batch 
purchased had more typical characteristics, and the cir- 
cuit could not cope. The configuration of the circuit was 
not designed to take account of the tolerances of uni- 
junctions buta change of component values centred the 
circuit on the typical operating parameters. Subsequen- 
tly only one component value had to be changed if a 
batch of unijunctions was too far from typical. 


Design Posts 


Nobody expects magazine projects to be designed 
to industrial standards, (although we prefer it if they are 
— Ed.). This would be uneconomic, because of the very 
large amount of time required to design even a simple 
circuit to production standard, and because of the need 
to make more than one prototype to double check a 
design. These limitations notwithstanding, a project 
design needs to be as close in standard to an industrial 
design as possible, and should, in particular, avoid 
problems connected with variations in the electrical 
and mechanical characteristics of components. 

Of course, there are differences in emphasis. For 
example, a circuit may rely on a particular component 
characteristic, perhaps requiring that two diodes havea 

.similar voltage drop at a certain current. The home con- 
structor could happily select the components but, in an 
industrial design, the cost of paying someone to grade 
components would mean that the real price of a 5p 
diode would be a lot more than 5p! 

On the other hand, if too much decision-making on 
the part of the constructor is necessary to make a project 
work, then some of the people who build it will simply 
never succeed. 
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Family Characteristics 


Many of the marginal designs | have encountered 
have used CMOS, so this is the place to start. 

The 4000 range of CMOS is designed to work overa 
wide range of power supply voltages. Different 
manufacturers specify slightly different operating 
characteristics at different voltages, but here | shall refer 
to the Mullard/Signetics HEF4000B range. Some of the 


family specifications are reproduced here for reference. 


Logic 
« 
CMOS: HEF4000B family book 4 part 4 
Family Specification 
D.C. characteristics V,, = 0 V; for all devices unless otherwise specified 
Tap C) a — 
parameter Vop symbol ~40 +25 +85 unit conditions 
min. max. min. max. min, max seas 
Quiescent device current 
5 — 10-— 10 — 75 yA 
gates 10 itp — 20 — 20 — 150 yA 
15 —- 40 — 40 — 30,0 pA 
5 — 40 — 40° — 30 pA 
buffers, flip-flops 10 joo —- 86 — 80 — 60 yA 
15 — 60 — 160 — 120 4A allvalidinput 
combinations: 
5 —- 2»— 2 150 pA V,=Vss0rVoo 
MSI 10 lop - 4 — 40 — 300 pA 
16 - 80 80 — 600 pA 
5 - 50 — 50 — 375 yA 
Lst 10 Inn «©0100 = Ss 100sS— Ss 750A 
15 200 — 200 — 1500 pA 
5 ~~ 0,05 — 0,05 — 0,05 v 
Output voltage LOW 10 Vou — 0,05 — 0,05 — 0,05 Vo OV, = Vs5 OF Von (4) 
16 —~ 0,05 ~— 0,05 ~~ 0,05 v 
5 495 — 495 — 4395 — Vv 
Output voltage HIGH 10 Vor 9.95 — 995 — 9,95 — v Vv, = Ves OF Voo. (1) 
15 1495 — 1496 — 1435 — v 
5 — 15 — 1,5 = 1,5 v Vg = 0,5Var4,5V 
Input voltage LOW 190 Va —- 30 — 30 — 30 Vo Vo = 1,0V or 9,0V a) 
{buffered stages only) 15 — 40 — 40 — 40 Vo Vo = 1.5Vo0r13.5V 
5 38 — 35 — 35 = Vo Vg = 0,5V0r4,5V 
input voltage HIGH 10 Vin 70 = 210), =e 70 — Vo Vo = 1,0V or 9,0V WW) 
{buffered stages only 15 40 — 10 ~~ 106 — Vo Vo = 1,$V0r13,5V 
input voltage LOW 5 =i Ay i= 1 Vo Vg =0,5Vo0r4,5V 
(unbuffered stages 10 Vi - 2- 2-— 2 Vo Vo = 1,0V or 9,0V () 
only} S —~- 25 — 25 ~— 25 Vo Vo = 1.5Vo0r13. 5V 
input voltage HIGH 5 4— 4— 4— Vo V9 = 0,5Vord,6V 
(unbuffered stages 10 Vin 8— ga 8 Vo Vo = 1,0V or 3,0V a) 
only) 45 125 — 125 — 125 — Vo Vg=1,\5¥or13,5V 
Output (sink) 5 052 ~— 044 — 036 — mA Vg = 0,4V;V, = 0or5V 
current LOW 10 lor 13 — 1 og — mA Vo=0,5V:V, = Oor 10V 
15 36 —- 30 — 24 — mA Vg = 1,5V.¥, = Oor 15V 
Output {source} 5 052 — 044 — 0,36 — MA Vo = 4,6V:V,=0or5V 
current HIGH 10 -loy 13g0o— Li -— 09 — mA Vo =9,5V:V, = Dor t0V 
15 36 — 30 —- 24 mA Vo=13,5V.V, = Dor 15V 
Output (source) 
current HIGH 5 -lon 1 = 140- i ed MA Vo = 2,5V:V, = OorSV 
Input leakage current 15 tle —- O39 ~ O38 — 1,0 pA V,=Gor15V 
3-state output 
leakage current: HIGH AS lozw _ 6-5 1,6 -— 12,0 yA output returned to Voo 
3-state output : 
jgakage currant: LOW 18 -Iopn — TE — T6 — 12,0 4A  cutputreturned te Vs 
Note: (1) ={I9]< 1A. 
66 


Family specification of HEF40008 devices(with thanks to 
Mullard), 
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A number of circuits use a CMOS gate output to 
switch atransistor, which is used to controla relay, lamp, 
etc. Normally, asmall signal transistor suchas a BC182 is 
used to drive the load and, in orderto work well, the tran- 
sistor must be switched on hard. This requires adequate 
base current — arule of thumb is to usea base current of 
0.1 times the required collector load current. This can 
exceed the current which the gate is guaranteed to 
supply, though in fact most gates manage well over the 
minimum specified current. 

It is not a good idea to rely on your good fortune in 
selecting a gate. Back on the industrial front, | recently 
had to investigate a rash of mysterious board failures, 
and discovered that one of the CMOS gates was beings 
asked to deliver about twice its guaranteed output 
current. After a while, most gates from one batch failed, 
though the design had been produced without pro- 
blems for several years beforehand. Presumably this 
batch of gates was unable to exceed its specification 
without damage. 

To avoid this sort of problem in home projects, a 
CMOS gate sourcing current should have a load resis- 
tance oF at least 1kQ per volt of power supply. If this 
means that the transistor it is feeding receives insuffi- 
cient base drive to switch properly, then the answer is to 
use a Darlington transistor, ortwo transistors connected 
as a Darlington pair. 


Most of the problems fall into the 
category of ‘things which will work — 
most of the time or work with certain 
examples of components used’... . 


Alternatively, you could use a power FET suitable for 
the desired load current. A power FET capable of switch- 
ing severalamps may be driven directly bya CMOS gate. 
The switching speed may be low, because of the limited 
rate at which the CMOS output can charge or discharge 
the FET gate capacitance. The heavy load presented to 
the CMOS gate output by this capacitance is of short 
enough duration not to risk damaging the CMOS chip 
unless a high frequency switching signal is used. 

There is one exception to these stern warnings about 
overloading CMOS outputs. When powered from a 5V 
supply, most CMOS chips are designed to be ‘short cir- 
cuit proof’. The practice of driving an LED from the out- 
put of aCMOS gate should not be harmful at this supply 
voltage, though the output will not provide a proper 
logic level when used in this manner. My recommenda- 
tion is that this practice be confined to‘novelty’ circuits, 
such as the infamous Thing. 


t+VE 


SUPPLY 


SCHMITT LEVELS 


NOT TO SAME SCALE 


Fig. 1 Simple Schmitt oscillator. Fig. 2 Waveform diagram. 
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Clock Oscillators 


Many projects incorporate some sort of oscillator, 
which may be needed to clock a counter, or to generate 
an audible tone. Figure 1 illustrates a simple oscillator 
circuit, using a Schmitt trigger IC. As shown in the 
waveform diagram, Fig. 2, the capacitor charges through - 
the feedback resistor until the voltage on it reaches the 
positive threshold of the Schmitttrigger gate. The output 
of the gate then switches to logic 0 and the capacitor 
starts to discharge until it reaches the lower Schmitt 
threshold. 

There are two drawbacks to this circuit. The Schmitt 
levels may vary widely from batch to batch of the chip, 
and the output frequency of the circuit is directly depen- 
dent on these levels. Also, the threshold levels are not 
symmetrical with respect to the power supply (the 
characteristic of Schmitts known as esteresls) so the 
mark-to-space ratio ofthe output wave is not unity. If the 
mark-to-space ratio is not important, the circuit may be 
made more acceptable by the addition of a poten- 
tiometer to fine tune frequency. 


Some aspects of circuit design seem to 
be ignored or glossed over by even 
the most seasoned practitioners. . . 


A more consistent circuit is shown in Fig. 3, and its 
waveform diagram in Fig. 4. The junction point of R2 and 
C1 alternately takes up voltages outside the power 
supply rails, and then charges or discharges to approx- 
imately half the power supply voltage. Because the 
voltage range over which the capacitor works is large, 
small differences in switching level between different 
samples of chip do not have much effect on the fre- 
quency or the mark-to-space ratio. The frequency is 
approximately 1/(2.2 x R2 x C 1). . 


WAVEFORM 


Fig. 3 Clock oscillator. Fig. 4 Waveform diagram. 


Many project designers omit the resistor R1. If this 
component is omitted, then the junction of R2 and C1 is 
prevented from taking up a voltage outside the supply 
rails by the input protection diodes of the CMOS gate. 
The frequency is approximately three times the fre- 
quency given if R1 is included (and if R1 is, as specified, 
ten times R2). Variations in switching levels or gain bet- 
ween samples of chip nowhavea more significant effect, 
so the net effect is to decrease the predictability of the 
circuit's performance. 

If very high value resistors are used in the circuit, then 
high frequency noise pickup on the input connected to 
R1 may bea problem. In this case, rather than lower R1 
and make the operation less predictable, a capacitor ofa 
few hundred picofarads may be added in parallel with 
R1. Practice has shown that this always solves the pro- 
blem without any detectable effect on the correct 
operation of the circuit. 
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In some project designs, NOR or NAND gates are 
used instead of inverters. The‘spare’ inputs may be used 
to gate the oscillator and turn it on or off inresponsetoa 
logic signal. A logic 0 signal will stop a NAND gate 
oscillator, while a logic 1 will stop a NOR gate oscillator. 
If itis necessary to start to clock a counter immediately 
the oscillator is started, then the rest of the oscillator 
should be considered. For example, if the signal is 
generated by pressing a switch, the response should be 
immediate or the user may begin to wonder if it is 
working. 


Data books never claim that a circuit 
will work precisely as well under all 
circumstances. .. 


The circuit shown in Fig. 5 will generate a positive 
edge on its output immediately a logic 0 is applied to its 
control input. By its nature, the circuit in its inhibited 
state will always charge its capacitor in such a way that 
it ready to switch as soon as it is allowed to do so. 

Op-Amps 

The correct use of op-amps is another area which 
seems to be difficult for some project designers. There 
are several aspects which cause problems. 

First of all, some designers simply fail to take account 
of the input bias and offset current. If a bipolar op- 
amp is used, the bias resistors should be of alow enough 
value that the voltage drop in them is small. | recall 
seeing a reader's circuit in one electronics magazine, 
showinga741 connected with all the bias current forthe 
negative input flowing through a 4M7 resistor. 

A good rule is to make the bias resistors as low as the 
rest of the circuit design allows, and to make the total DC 
resistance connected to each input the same. In this 
way, the difference in voltage between the two inputs 
(the offset) is determined: by the difference in bias 
current between the two inputs (the input offset 
current) rather than the total bias current. If the offset is 
ace large, then a FET input amplifier should be 
used. 

The open loop gain of an op-amp also seems to con- 
fuse some people. The text of the reader's circuit men- 
tioned above stated, ‘the maximum gain of a 741 is 
quoted as 20,000, butin this circuit it is wired to provide 
a gain’ of 47,000’. This mistake arises from a misun- 
derstanding about the way the op-amp’s gain is deter- 
mined. The gain is determined by the ratio of the two 
feed back resistors in the circuit. You can use any ratio 
you please, but you cannot make the op-amp give more 
than its maximum open loop gain. 


CONTROL 
INPUT 
0 


LOG SCALE 
FREQUENCY 


Fig. 6 Typical frequency 
response of an op-amp. 


Atypical op-amp frequency response is shown in Fig. 
6. There are two relevant and related factors, the open 
loop gain and the gain-bandwidth product. The open 
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Fig.5 An instant turn-on. 
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_loop gain defines the maximum low frequency gain the 


op-amp can produce under any circumstances, and the 
gain-bandwidth product indicates the increase in gain 
with decreasing frequency. 

An op-amp having a gain-bandwidth product of 
1MHz, for example, will have an open loop gain of unit 
at a frequency of 1MHz. As the frequency is decreased, 
this gain will rise until the maximum open loop gain is 
reached, often at a frequency of about 10Hz. 


Totally Slewed. 


The effects of output slew rate limiting and of power 
supply variations on op-amp characteristics are clearly 
illustrated by a mistake of mine, made when 741s were 
the normal choice of op-amp forany task. Inacar project, 
| used a741 to clocka CMOS counter. According to the 
data books, the slew rate of the output of a 741 is inade- 
quate to clock the CMOS counter reliably, but still the 
circuit seemed to work — at least some ofthe time. After 
a little experimenting, | found that the car battery 
voltage affected the circuit. It all worked well when the 
engine was running and the lights were turned off, but 
couldn’t be relied on when the battery was being 
drained and its voltage dipped. 

It seems that the op-amp’s slew rate was slightly 
higher when the voltage was higher. This was just enough 
to make the counter clock on. 

The moral of this is that the slew rate of the op-amp 
can be crucial, and that you should not assume that a 
characteristic which is specified to be just good enough 
with, say, +/- 15V power supplies will still be alright at 
lower voltages. This is true even though the op-amp may 
be specified to work at much lower voltages. Data books 
never claim that a circuit will work precisely as well 
under all circumstances. 


Passive Components 


There are two common areas of misunderstanding 
which | have noticed in the use of passive components. 
The problem with resistors is very simple: ordinary 
quarter-Watt resistors have too lowa voltage rating to be 
connected to the mains. Resistors rated 2 Watt and 
greater have a higher voltage rating and are therefore 
generally okay to connect to the mains. The voltage rat- 
ing of aresistor can limit the maximum power that can be 
fed into it to less than its nominal wattage rating. 

The other point of misunderstanding is in the use of 
non-polarised capacitors on AC, specifically when con- 
nected to the mains. Most people realise that acapacitor 
to be used on AC should have a DC rating equal to the 
peak of the AC waveform, but the problem does not 
stop there. 

At any significant frequency, above a few Hertz, the 
voltage which the capacitor can withstand is reduced, 
because the chemical bonds in the dielectric material 
are stressed first one way then the other by an AC 
waveform, and in this process poweris dissipated. Weak 
spots in the dielectric can become hot spots if subjected 
to AC waveforms, and can subsequently break down. 
Dielectric materials with higher levels of AC power 
dissipation suffer from this problem more severely. 
Generally, polypropylene capacitors are much better 
than polyester, while ceramics come in widely varying 
qualities. 

Onetypeof polyester capacitor, forexample, is rated 
at 400VDC, 150VAC at 50Hz. A high quality poly- 
propylene capacitor in the same catalogue is rated at 
1000VDC, 350VAC at up to 5kHz. Some mica 
capacitors are rated to handle substantial RF signals. ET 
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CAPACITANCE 
METER MODULE 


This free PCB project gives your multimeter extra capacity. 


multimeter is an essential 
A item for anyone with an 

interest in electronics, but it 
has its limitations. Few will measure 
anything more than voltage, 
current and resistance, but there is 
no reason why this range should 
not be extended by the addition 
of a little extra circuitry. The 
module described in this project 
produces an output voltage 
proportional to the value of a 
capacitor connected to its 
terminals, and can be connected 
to a multimeter on a low voltage 
range to give direct capacitance 
readings. The accuracy is. 
surprisingly good for such a simple 
circuit and you can have just as 
much confidence in the 
capacitance readings as you would 
in the meter’s own resistance 
ranges. 


Methods 


Two common methods of 
measuring capacitance are the 
bridge method, which you can 
read about in the RCL bridge 
project (ETI August, 1985), and the 
monostable method. The bridge 
method is notionally capable of 
great accuracy, since its readings 
are independent of the accuracy 
of the meter movement, but the 
full potential is rarely realised in 
any but the most expensive 


1 OSCILLATOR: 


instruments. Precision 
components must be used since 
the bridge effectively compares a 
known value and the unknown 
one at the terminals. The most 
awkward point, from a home 
construction point of view, is the 
need to construct an accurate 
scale for the balancing pot. If 
unlimited numbers of precision 
components are available, the 
scale can be calibrated directly. 
Otherwise the constructor is faced 
with the problem of trying to 
interpolate a highly non-linear 
scale between the readings that 
can be made. Unpredictable non- 
linearities in the pot itself make 
matters worse. 

An attractive idea is to measure 
some circuit parameter which is 
related to capacitance, and thus 
derive a direct reading. A common 
method is shown in Fig. 1. 

The monostable is triggered at 
regular intervals by a pulse from an 
oscillator. The monostable is 
designed to have a timing period 
proportional to the value of the 
timing capacitor, which is the 
unknown capacitor. Assuming the 
oscillator runs at a fixed frequency 
and the monostable output pulses 
are of constant amplitude, the 
mark-to-space ratio of the 
monostable output, and hence the 
average voltage across C1, will be 


MONOSTABLE 


wel by 
th 


UNKNOWN 
CAPACITOR 


Fig. 1 Monostable capacitance meter. 
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proportional to the value of the 
unknown capacitor. R1 and C1 are 
chosen to give a reasonable 
compromise between ripple and 
settling time. 

This type of circuit can work 
well or not so well, according to 
the care taken over the design. 
One point to note, however, is that 
there are three circuit parameters 
which must be accurately 
controlled: the oscillator 
frequency, the output amplitude 
of the monostable, and the linear 
relationship between the 
unknown capacitor value and the 
monostable period. Drift in any of 
these will cause a proportional 
change in the output voltage. If 
the number of critical areas can be 
reduced, it seems reasonable to 
expect a corresponding 
improvement in the accuracy of 
the meter. 

Without increasing circuit 
complexity, another arrangement 
is possible (Fig. 2a). The oscillator 
produces an output of constant 
frequency and amplitude which is 
applied via R1 to the unknown 
capacitor. When the oscillator 
output is low, Cx will discharge via 
D1. When the oscillator output 
rises, charge is transferred from Cx 
via D2 to C1. (R1 is just a current 
limiting resistor.) Assuming that 
the rise in voltage across C1 is 
negligible, the amount of charge 
transferred is easily calculated: it 
will be V.Cx, where V is the high 
output voltage of the oscillator. 
This charge transfer will take place 
f times a second, where f is the 
oscillator frequency, so the total 
charge transferred every second 
(in other words, the average 
current) will be f.V.Cx amps. The 
average voltage across R2 will 
therefore be R2.f.V.Cx volts. As R2, 
V and f are constant, the voltage 
across R2 will be proportional to 
Cx... or will it? 

The assumption | slipped in 
earlier on, that the rise in voltage 
across C1 should be negligible, 


ETI MARCH 1986 


Fig. 2a Charge pump capacitance meter. 
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Fig. 2b Linear charge pump capacitance meter. 


imposes an unfortunate restriction 
since this is the voltage used as an 
output. As it rises, it reduces the 
voltage available to pump charge 
through Cx and so, as the value of 
Cx rises, the corresponding 
increase in the output voltage gets 
progressively smaller. In other 
words, the relationship between 
capacitance and eae voltage is 
not really linear at all. Reasonable 
results can be achieved by limiting 
the output to a low voltage (0 to 
100mV, say) but to make the 
circuit truly linear Cx should 
transfer charge into a constant 
voltage. 

In the diagram of Fig 2b, a 
virtual earth current to voltage 
converter has been added to 
provide a constant voltage point 
for the charge transfer, as in this 
project. The diodes have been 


| 


cx 


reversed so that an increase in 
capacitance will still give an 
increase in output voltage. As the 
average current flowing from the 
virtual earth via D2 will equal the 
average current through R2, the 
output voltage is still equal to 
R2.f.V.Cx. C1 is chosen to give a 
reasonable settling time without 
excessive ripple and R1 is chosen 
so that R1.Cx is very small in 
relation to the oscillator period for 
the largest value of Cx to be 
measured, while limiting the peak 
current to a value that the 
oscillator output can cope with. 


Circuit 

The final circuit is shown in Fig. 
3. |C1a forms the oscillator and 
IC1b the virtual earth current to 


voltage converter. The component 
values shown are for measurement 


OUTPUT 
TO METER 


Fig. 3 Capacitance meter circuit diagram. 
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PROJECT 


of small capacitance values; RV1 
is adjusted for an output of 1V per 
100p, so ona 10V meter range you 
can make readings up to about 
800p (remembering that the 
output voltage of the module is 
limited by the battery voltage) or 
readings of 0 to 100pF ona 1V 
meter range. As the output is 
linear, a reading of 2V2 would 
mean 220p, 4V7 will be 470p, and 
so on. 


IC1a and the components around it 
form an oscillator which produces a 
are wave output at about 8KHz, 
adjustable by RV1. One of the features 
of the LM358 is that its output is quite 
happy to go down to the negative 
supply rail without disturbing the 
Operation of the feedback. Unfor- 
tunately, the 1C won't pull the output 
down quite that far of its own accord 
— an external resistor (R5) is 
necessary. R6 performs two functions: 
it is the equivalent of R1 in Fig 2b, and 
it is also the ballast resistor for the 
zener, D1. 

D1 clips the output of 1C1a at about 
5V, giving a square wave of fixed 
amplitude. D3 holds the ‘right hand’ 
plate of C, at the negative supply 
voltage during high outputs from IC1a; 
D2 allows C, to HAS current from the 
virtual earth at IC1 pin 6 when [Cla 
output goes low. 

The current to voltage converter 
around IC1b makes use of another 
useful characteristic of the LM358: it 
remains in linear mode when one or 
both of its inputs are at the negative 
supply voltage. This means that pin 5 
can be taken directly to the negative 
supply, giving a circuit with very few 
passive components. 

R7 produces a voltage at the output 
of ICib proportional to the current 
drawn from pin 6. C2 smoothes out the 
fluctuations so that the voltage across 
R7 is proportional to the average 
current. R8& is once again included to | 
pull the output of 1C1b to the negative 
supply so that the meter will give a 


zero reading when no capacitor is 
| connected. 
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For different ranges, all that is 
necessary is to change the value of 
C1, as shown in Table 1. Although 
there is no room for the additional 
components on the PCB, the 
circuit can be adapted without 
difficulty to give a multi-range 
instrument, as shown in Fig. 4. The 
additional capacitors and presets 
could be mounted on a small 
piece of veroboard, or could even 
be soldered directly to the switch. 
The values from Table 1 should be 
followed, so C1a would be 1n (for 
the 1V per 100p range), C1b is 
10n, and so on. To make the best 
use of the higher ranges, it would 
be a good idea to increase the 
value of C2 to 10u. 


Calibration 


The component layout for the 
project is shown in Fig. 5. Itisa 
good idea to check component 
positions carefully, since the 
locations are not all used and 
mistakes are easily made. To 
calibrate the instrument, you will 
need a 1% tolerance capacitor for 
each range. For best results, set 
your multi-meter to the 10V range 


and use a capacitor which will give 


a half-scale deflection. For. 
instance, on the 1V per 100p 
range, use a 500p capacitor and 
adjust RV1 for a meter reading of 
5V. 


In 10n 
1V=100p 1V=1n 


REMAINDER 
OF CIRCUIT 
AS FOR Fig 3. 


Table 1 Values of C1 required for various ranges. 


100n 
1V=10n 


10u 
1V=1 


Ip 
1V=100n 
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OFF-BOARD COMPONENTS 
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Fig. 4 Switching arrangement for a multi-range meter. 
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PROJECT: Capacitance Meter 


PARTS LIST 


RESISTORS (all 1/4W 5%) 
R1 100k 


R2 100k 

R3 100k 

R4 22k 

R5 2k2 

R6 220R 

R7 220k 

R8 4k7 

RV1 20k miniature horizontal preset 


CAPACITORS 
C1 tn 
C2 500n 10V tantalum 


SEMICONDUCTORS 
C1 LM358 

4V7 or 5V1 zener 
1N4148 


MISCELLANEOUS 
PP3 battery clip, PP3 battery, BC3 box 
with battery compartment. 


BUYLINES 


None of the components used in this 
project should present the slightest 
difficulty. However, you may be 
interested to know that the LM358 ICs 
are available to ETI readers at the 
special price of 5 for £2, inclusive, 
from: Specialist | Semiconductors, 
Founders House, Redbrook, Mon- 
mouth, Gwent. A box with a PP3 bat- 
tery compartment to house the project 
is available for £2.80 from the same 
address. Spare printed circuit boards 
can be obtained by sending £1 and a 
stamped, self-addressed envelope to: 
ASP Readers Services, PO Box 35, 
Wolsey Road, Hemel Hempstead, 
Herts. HP2 4SS. 
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Fig. 5 Component overlay 
for capacitance meter. ETI 
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MEMO MINDER 


In a phrase, a lighthouse on a board. Amazing, but true! ETI’s 
free PCB shows that it’s more than just a flash-in-the-pan. Not 


much eee e 


7] hat ETI really needs,’ 
W ruminated Alf, 
absentmindedly 


syringing his ears with a solder 
sucker, ‘is something completely 
different.’ The windowed 
around ETI Towers and rain lashed 
the windows of as Flea-byte drew 
his chair closer to the solitary 
candle which spluttered fitfully, as 
solitary candles will, in the centre 
of the floor. ‘What did you have in 
mind?,’ he asked. ‘Well, | can’t 
remember the last time we hada 
project,’ said Alf thoughtfully, ‘to 
flash an LED.’ 

Flea-byte resisted the 
temptation to put the solder 
sucker to better use and Auntie 
Static reverted to her background 
program. This would be a bad 
winter for her diodes, she sensed it 
in her sprockets, and having to 
listen to Alf’s blathering didn’t help 
matters in the least. 

Alf, realising that his genius 
would once again go 
unrecognised, stomped off to 
make adjustments to an oscillator. 
Outside, it was raining cats and 
dogs, speckled geese and the 
occasional marmoset. It was that 
kind of day. A lone police car, 
searching for a mate, wailed 
plaintively from the Soho 
wilderness. Suddenly, Auntie’s 
photocells began to twinkle. A half 
forgotten mini-flopperama 
diskette, an unwise purchase from 
Carnaby Street in the late Sixties, 


had engaged in her disk drive and 


was infusing her with vital 
statistics. ‘Gather round, my 
friends,’ she said, ‘I think I’ve got 
the answer.’ 


The Auntie’s Tale 


Auntie quickly outlined the 
story of the two itinerant coal 
porters who had patented a 
device for minding buildings when 
the owners were away. Their 
invention was a light which would 
be illuminated as long as the 
building remained in place, but 
would go out if it was stolen, so 
that anyone could see at a glance 
whether the house was still there 
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or not. Theft of darkhouses, as 
they were called at the time, was 
rife, but since the invention of the 
‘houseminder security light, very 
few of these seaside homes have 
been moved. 

The next stage of development 
had to await the arrival of a child 
to the Kunn family, who had an 
astonishing Goes of foresight in 
naming their offspring after the 
light he would one day invent. 
Belisha B. Kunn it was who 
adapted the lighthouse principle 
to produce a‘roadminder to 
preserve small sanctuaries of 
whiteness on an otherwise black 
road surface. These areas are now 
great tourist attractions; indeed 
the more popular ones are so 
crowded that it is hard to stop and 
admire the handiwork of the artist 
who painted them on. 

Further reference to the 
invention can be found in the 
diaries of Arthur Daley... .‘And 
that,’ concluded Auntie, ‘is the 
story of the minder. Why don’t we 
do a miniature version for looking 
after memos?’ 


‘Sounds OK to me,’ said Alf, 
‘but what are we going to write 
about it?’ ‘Oh, | think we could get 
away with just a Parts List anda 
“How It Works”,’ said Auntie. 
‘After all, nobody ever reads the 
rest of the article anyway.’ 


HOW IT WORKS 
ICI contains an infra red LED and 
phototransistor. When the LED is 
illuminated the beam will normally fall 
on the phototransistor, allowing it to 
conduct and pull the inverting input of 
1C2a low. If the bean is interrupted by 
a memo being placed in the slot bet- 
ween the LED and detector, the photo- 
transistor will cease to conduct and the 
inverting input of [C2a will go high. | 
IC2b and the components around it 
form an oscillator to flash the LED 
once a second. When the output of 
IC2a is low, it has no effect on the 
oscillator since D1 will be reverse 
biased. If IC2a output goes high, the 
oscillator ‘capacitor will be kept at full 
charge, since R5 is much smaller than 
R8; 1C2b will cease to oscillate and the 
LED will be extinguished. 
The result of all this is that when a 
memo is held in the slot of IC1, the 
LED will flash to attract attention to it. 


NOTE: 

IC1 = SDA231 
IC2 = LM358 
D1 = 1N4148 


Fig. 1a Circuit of memo minder. 


PHOTOTRANS x 
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WHITE SPOT 


Fig tb Pin-out of the SDA 231, 
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PROJECT: Memo Minder 


LOdS 3.LIHM 
i 


CAPACITORS 
C1: 


10 10v tant. 
SEMICONDUCTORS 
1C1 SDA231 
1C2 LM358 
D1 ; 1N4148 
LED1 3mm LED, the colour of 


your choice. 


MISCELLANEOUS 
PP3 battery connector, 
PP3 battery. 


BUYLINES 


The SDA 231 slotted opto switch is 
available from Specialist Semiconduc- 
tors, Founders House, Redbrook, Mon- 
mouth, Gwent. Price 80p. They will 
supply the LM358 ICs to ETI readers at 
the special priee of 5 for £2. Extra prin- 
ted circuit boards can be obtained by 
sending £1 and a stamped, seif- 
addressed envelope to: ASP Readers 
Services, PO Box 35, Wolsey Road, 
Hemel Hempstead, Herts. HP2 4S. 


JA~ AYALLVE 
FAt AMALLVE 


Fig. 2 Component overlay for memo 
minder. 
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Electronics Component Catalogue 


OUT NOW! 


New kits include transverter and PA for the new 6m band. 
Computer add-ons for the Amstrad CPC series. 
Linear IC data with pin outs. 


Plus the usual extensive range of components for all your 
construction needs. 


The Spring catalogue is on sale now at your newsagent or direct from our sales 
counter at Broxbourne, Herts — Brentwood, Essex and Portsmouth, Hants. 


Cirkit Distribution 


Park Lane, Broxbourne, Herts, EN10 7NQ Telephone (0992) 444111 Telex 22478 
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200 North Service Road, 53 Burrfields Road Park Lane 
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The free PCB demonstrates that it has an ear for a good tune. 
Start here for the ultimate in low-cost stereo. 


stereo pre-amplifier which for this month. Used with the HOW IT WORKS 
A can give either RIAA ‘matchbox amplifier to be 

magnetic pickup featured next month, a low cost, 
equalisation, or NAB standard tape powerful sound system can be The LM358 is connected as a shunt 


equalisation, is the final offering assembled in no time! feedback amplifier with some 
: ; additional components in the feedback 


‘network to tailor the frequency 
response. The NAB equalisation 
standard requires a roll-off of 6dB per 
octave to begin at 50Hz and continue 
to 3180Hz, at which point it levels off 
again. In Fig. 2, if the effect of C2 are 
ignored, the low frequency gain of the 
circuit will be determined by R5 and 
R4, and will be 1000. By 50Hz, the 
impedance of C3 has dropped 
sufficiently for it to have a significant 
effect on the gain of the circuit, which 
will be reduced by about 30% at this 
frequency, giving the first -3dB point. 

The gain continues to drop until the 
impedance of C3 is comparable with the 
resistance of R6, at which point any 
further drop in its impedance will have 
less and less effect on the gain. At high 
frequencies, therefore, the gain levels 
out and is determined by R6 and R4. It 
will be about 15. 

The RIAA circuit operates in a similar 
way, with the addition of another 
turnover point introduced by C4. 


Fig. 2 Circuit of the pre-amp, with NAB 
equalisation 


NOTE: 
IC1 = %LM358 


750p 3n3 


+c 
20u 


Fig. 1 Circuit of the pre-amp, with RIAA 
equalisation. 


BUYLINES COMPETITION 

Why not use your own ingenuity to parts list and a description of the 

design a circuit for our free PCB? circuit (typed, please, and not 

The sender of the winning entry more than 750 words in length.) If 

will receive £40 and the two you are not the kind of person who 

runners up will win £20 each. We _has circuits published, have a go 

will publish the winning circuits anyway. You may find out that you 

later in the year. The circuit should are! 

fit neatly onto the board, without 

components soldered to the back, Send your entries to: ETI (FP), 1 

and we will be looking for original, Golden Square, London WIR 3AB. 

well presented and elegant Please enclose a stamped, self- 

designs. addressed envelope if you want 
Entries should include a circuit your entry returned and, please, no 

diagram, component layout, a submissions after 2 May, 1986. 


The LM358 ICs are available to ETI 
readers at the special price of 5 for £2 
from: . Specialist | Semiconductors, 
Founders House, Redbrook, 
Monmouth, Gwent. Extra printed 


| circuit boards can be obtained by 

sending £1 and a stamped, self- 
addressed envelope to: ASP Readers 
Services, PO Box 35, Hemel 
Hempstead, Herts. HP2 4SS. 
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PARTS LIST : 


——=<——=—= 


C3, 103 
RIAA C4, 104 


RESISTORS (all 4W, 5%) SEMICONDUCTORS 
LM358 CAPACITORS 


R1, 101 47k . 1c1 
R2, 102 1M 


MISCELLANEOUS 
3,10 
a Abe : M PP3 battery connector, 


R5, 105 100k PP3 battery. 


R6, 106 1M NAB 


* RESISTORS (all %W, 5%) 


CAPACITORS 
C1, 101 220n 
C2, 102 20. 10V tant. 


R1, 101 
R2, 102 
R3, 103 


BATTERY +VE 


BATTERY —VE 


CHANNEL 1 
INPUT 


CHANNEL 2 
OUTPUT 


CHANNEL 1 CHANNEL 2 & 
OUTPUT INPUT 


Fig. 3 Component overlay for the RIAA 


circuit — duplicated components are 
distinguished in Parts List. 


Master 
Electronics - Microprocessors 
- Now! The Practical Way! 


@ Electronics — Microprocessors 
— Computer Technology is the 
career and hobby of the 
future. We can train you at 
home in a simple, practical 
and interesting way. 

@ Recognise and handle all 
current electronic components 
and ‘chips’. 

@ Carry out full programme of 
experimental-work on electronic computer circuits 
including modern digital technology. 


@ Build an oscilloscope and master circuit diagram. 


e Testing and servicing radio — T.V. — hi-fi and all types of 
electronic/computer/industrial equipment. 


New Job? New Career? New Hobby ? 
; SEND THIS COUPON Now. 


FREE! COLOUR BROCHURE on TELEPHONE us 062 67 6114 


Please send your brochure without any obligation to OR TELEX 22758 (24 HR SERVICE) CAC 


I I 
W vame : 1am interested in i 
I oe (_] ELECTRONICS rT 
p Sopa (-——] Microprocessors I 
le ot [1] RADIO AMATEUR LICENCE 4 
IE ; ("1 ciTy & GUILDS EXAMS i 
I 
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PROJECT: Equalisation stages 


R4, 104 
R5, 105 
R6, 106 


C1, 101 
C2, 102 20p 10V tant. 
C3, 103 3n3 


SEMICONDUCTORS 
ICt 1M358 


MISCELLANEOUS 
PP3 battery connector, 
PP3 battery. 


BATTERY +VE 
CHANNEL - VE 


CHANNEL 2 
OUTPUT 


CHANNEL 1 HANNEL 2 eo 
OUTPUT Waal 


Fig. 4 Component overlay for the NAB 


circuit — duplicated components are 
distinguished in Parts List. 


Time aay i: 
Machine 


= 
l 
17) 
ul 
SOUND ENGINEERING G 


of Devon a 
ANNOUNCE AN EXCITING NEW RANGE OF STUDIO QUALITY PROCESSORS, 
AMPLIFIERS AND ANCILLARIES, IN STACKABLE 8d" CASES 1U HIGH, 


DI Cornpression Gate 


Sophisticated signal conditioner 
combining the functions of NOISE 


HD Tee Mochios —B, Compaesiien Cart —— 


maximum ease of operation Musical =F cae © agree POPS nein O  arreee © titan 
performance and strappable for stereo fad ized a saa 
operation. 4-LED display of gain 
reduction and tricolour indication of KIT £68 RUILT £98 
gate Status. 


Activator ime Machine jaw b 
Psychoacoustic enhancer offers 


performance rivalling that of £400 units 
et is easier to use, with sophisticated | raseer Cree na teeth @ ceccce 
iltering, semi-aulomatic operation and l bv S328 2 


an “intelligent” display. KIT £74 BUILT ESS 


Microamp 


Z Time Machine MICROAMP 
Compact, stereo power amplifier with 
the reliabiltty and superb performance e (@: CO 
ot MOSFET technology. 30 Watts ! pee hts we Lord 
rms per channel into 8R or bridgable l 


for 6OW mono. True chip Indication and 
soft limiting. . KIT £86 Bone site 
PSU 


The tidy answer to power supply problems. Housed in a 134 plug. this 

supplies £15V at 200mA per rail for powering TIME MACHINE 
rocessors, Supplied with a sensible 2 metre cable terminated in 2 3-pin 
HN plug (regulated voitage). 


Coming soon: LEVELLOR MULTIBAND COMPRESSOR 


All TIME MACHINE products have attractively styled stee! cases bristling 
with Inputs and outputs, balanced and un-balanced. have knobs you can 
gel your fingers between with metal shatts that don’t break as saon as 
you look at them, offer remarkable specifications at atfordabie prices, 
are made in Gritain and have manuals written in clear English, Need we 
Say more? If so send a decent size SAE to: 


Time Machine, ce Tr3, Abbotsford, Deer Park Avenue, 
Teignmouth, Devon, TQ@14SLJ. Tel: OG267 2353. 


Cheques payabie to‘ TIME MACHINE’. Please allow 3 to 21 days for 
despatch. All prices include VAT, postage and packing 


= —|——T = Pies: GF =: | comer = 
SSS I Ne) ———— | 
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In a follow-up to his article on programmable logic in last 
month’s issue, Mike Bedford describes a simple evaluation board 
which will allow readers to experiment for themselves. 


article, the whole realm of 

custom, semi-custom and 
programmable logic devices was 
investigated. It is quite out of the 
question for the amateur 
electronics enthusiast to make use 
of custom or semi-custom chip 
technology but the use of 
programmable logic, on the other ° 
hand ts quite feasible, 

It was shown that 
programmable logic devices are 
divided into three categories, 
namely PALs, FPLAs and PROMs. 
Of these, PALs and FPLAs are the 
most flexible but, for reasons 
mentioned in the article, are also 
the most difficult to program. It 
would not be impossible for the 
amateur to design and build a PAL 
programmer, but whilst this would 
prove interesting it would also be 
extremely ambitious. 

PROMs, on the other hand, 
although less flexibile are more 
easily programmed. EPROMs in 
particular would make an ideal 
programmable logic device for 
home electronics use since many 
people now have EPROM 
programmers operating in 
conjunction with home 


BUYLINES 


The PCB is availabie as usual from the 
ETI PCB service. The other 
components are quite standard and 
should be easily obtainable from any 
other source. If a 12 way DIL switch 
proves to be a problem then two or 
more smaller DIL switches could be 
stacked end to end. 


i n last month’s Digital Superglue 
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computers. The theory of using 
EPROMs in programmable logic 
arrangements is identical to the 
concept of using PROMs and was 
fully covered last month. The 

pe ea of this article is to present 

oth a BASIC program and an 
experimentation board to allow 
the amateur to investigate this 
technology in a practical way. 


Basic Program 


To recap a little on what was 
said in the feature article, a PROM 
(or EPROM) is an example of an 
AND/OR array. This is an 
arrangement which allows any 
Boolean sum-of-products function 
to be implemented, dependent 
only on there being sufficient 
inputs and outputs. Since any 
Boolean transfer function may be 
expressed in this form, it follows 
that any such functions could be 
programmed into an EPROM. As 
in all custom, semi-custom and 
programmable chip design, 
computer assistance is required 
for all but the simplest of cases. 
The purpose of the BASIC program 
presented here is to convert 


| Boolean equations entered by the 


user into a hex dump of the data 
required to program into the 
EPROM. Alternatively, the 
program will write the datatoa 
block of memory where it may be 
accessed by an EPROM 
programmer. 

The design software listing 
(Listing 1) is written in BASIC but 
not specifically for one machine. 


Instead of using a particular dialect 
and hence special features which 
may only be applicable to one 
computer, the program has been 
written in standard Microsoft 
BASIC. It should prove a simple 
task to get it running on any 
machine. The only areas which 
may prove to bea problem on 
some computers are the long IF 
statements, such as that at line 
490. If the version of BASIC in use 
does not support sufficient 
continuation lines, it will have to 
be split into a number of separate 
iF statements. 

The following is a brief 
description of the way the 
program works. Lines 300-700 
prompt the user for the number of 
inputs and outputs to be used 
followed by the Boolean 
equations, one for each output in 
use. Within this loop, lines 430- 
570 carry out syntax checking of 
the equations, print an error 
message, indicate the offending 
character and re-prompt where 
necessary. Also in this input loop, 
lines 500-690 add brackets to the 
equations in order to prioritise the 
operators such that ANDs are 
carried out before ORs. The main 
loop of the program, lines 710- 
1000, then executes for each 
memory location used within the 
EPROM which in turn is equal to 2 
to the power of the number of 
inputs used. For each location the 
elements of D%() are set to the 
binary bits of the address. These % 
values are then ‘plugged in’ to 
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Q1-16 = BC184L 
LED1-8 = RED LEDs 
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GND OE CE 
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Fig. 1 Circuit diagram of the evaluation board. 


Apart from these comments, 
the only other point which needs 
to be mentioned is that warning 
messages may be printed with the 


equation summary and hex dump. 


The following examples illustrate 
this: 

OUTPUTO=1+/1 

*** ALWAYS HIGH *** | 


OUTPUT 1 =0*/0 
“* ALWAYS LOW *** 


In these cases it is quite 
obvious that 1 OR NOT 1 will 
always give a high result and that 0 


LED1 


\ 


ao 


R21 
180R 


zy 


LED2 
NS 


R23 
i 180R = LED 


\ 


R13 
100k 


ACs 
g 


oie) 
Ae 


2} 
Q 


A) 
A) 


Ey) 
a 


2} 
= 


ie 
ay 


. 
aa) 


AND NOT 0 will always give a low 
result. Cases can be much more 
obscure, however, and the 
messages indicate that a logic 
error has probably been made. If a 
constant high or constant low 
signal is really required it isn’t 
necessary to use an EPROM 
output to generate one!’ 


The Evaluation Board 


To fulfil the requirements of an 
experimentation/evaluation 
board, the inputs should be easily 
programmable between logic 


Fig. 2 Component overlay for the evaluation board. 
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PARTS LIST 


RESISTORS (all %W, 5%) 
R1-11 

R12-19 

|| R20-27 


. SEMICONDUCTORS 
Ic1 2716 EPROM 
LED 1-8 Standard Red LEDs 
Q1-16 BC184L 


MISCELLANEOUS 
sw 


12-Way DIL Switch || 
PCB; 24-Way DIL socket for 1C1. 


levels and the state of the outputs 
should be displayed clearly. These 
requirements are provided bya 
row of DIL switches, one for each 
of the inputs (address lines) of the 
2716 and a row of LEDs, one for 
each of the EPROM outputs (data 
lines). The 2716 EPROM was 
chosen purely because it is the 
least expensive yet still has 11 
available inputs. The principles are 
clearly the same if a larger EPROM 
is used to give more inputs. 

The circuit diagram is shown as 
Fig. 1. The board requires alow 
current 5V power supply or could 
be operated from a battery. The 
operation of the board is very 
simple and doesn’t really justify a 
separate how it works section. The 
11 address lines, which act as 
inputs, are held high by pull-up 
resistors R1-R11, logic lows being 
achieved, when required, by 
switching to OV through the DIL 
switches SW1-SW11. The 8 data 
lines act as outputs and drive 
Darlington pairs Q1/Q2, Q3/4 etc 
and the LEDs are connected to 
these via current limiting resistors 
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R20-27, CE and OE are held 
constantly low, ensuring that the 
outputs are always active and that 
any changes to the inputs will be 
reflected on the outputs 
immediately. 

Construction of the board is 
quite straightforward and requires 
little comment. A socket must 
obviously be used for the EPROM, 
iC1, and care must be taken when 
installing the LEDs and transistors 
to ensure that they are the right 
way around. Some form of labelling 
will be required to identify the 
switch positions and LED 
numbering. On the prototype this 
was achieved simply by sticking 
down pieces of paper on which 
the required legends had been 
typed, but if you are after a really 
professional result you may prefer 
to use Indian ink or Letraset on the 
board and then apply a coat of 
clear lacquer for protection. 


Using The Program 
And Board 


For the purposes of this 
example, let us assume that it is 
required to implement 8 different 
functions of 6 inputs. This means 
that 8 outputs and inputs are 
needed and this is the answer to 
the first question asked by the 
design program. The functions 
required are shown in Fig, 3 asa 
verbal description, a circuit 
diagram of the discrete logic 
implementation and the Boolean 
equations. These functions are 
entered into the software in the 
form of the final equations given in 
each part of Figure 3, and the 
program output is shown as Listing 
2. It will be noticed that 64 values 
are listed (2 to the power of 6) and 
that inputs 6 — A should be tied 
low by closing the switches SW7- 
11. Ifa 2716 ts programmed with 
this data, spending a few minutes 
with the evaluation board will 
confirm that the functions are 


PROJECT : Evaluation Board 


OUTPUT 0 = ALL INPUTS ‘AND’ED 


OUTPUT 0 


OFA 2 ot ate 5 
OUTPUT 2 


OUTPUT 
2 


O*1+2*3+4*5 
OUTPUT 4 


(O*1 + 12) + ( (3+4) * 15) 
OUTPUT 6 = 4 INPUT MULTIPLEXER 

= INPUTS 2.3,4&5 

SWITCHED TO O/P 


DEPENDING ON BINARY 
VALUE ON INPUTS 0&1 


OUTPUT 
6 


2*/0*/1 + 3*0*/1 + 4*/0*1 + 5*0*1 


OUTPUT 1=ALL INPUTS ‘OR’ED 


= OUTPUT 1 


O0+14+2+3+4+5 


OUTPUT 3 


OUTPUT 
3 


(0+1) * (2+3) * (4+5) 
OUTPUT 5 = INPUTS 0,1,2 'XOR’ED = 00102 


0 
1 ==) > OUTPUT 5 
2 


OUTPUT 
5 


O*1*2 +0*/1*/2 + 1*/0*/2 + 2*/0"/1 


OUTPUT 7 = HIGH WHEN AT LEAST 2 
OF INPUTS 0,1.2 & 3 ARE HIGH 


0 
1 
2 
_ OUTPUT 
3 2 


0*1+0*2+0*34+1*2+71*3 4+ 2*3 


Fig. 3 6-input logic function examples with their Boolean equations. 


BOOLEAN EQUATIONS : 


QUT PUT 
QUT PUT 


OUTPUT - 


QUTPUT 
QUTPUT 


OHLHSHIH4 HS 
O+1424+3+4+5 

O*1 + 243 + 445 

(O41) * (243) * (4459 
(O¥14/2) + €(34+42#/5) 


correctly implemented. D182 + QR/1"/2 + 1*/O8/2 + 2*/O8/4 


24/Q#/1 + 3¥O¥/1 + 4%/O¥1 + 5S#OH1 
O41 + O@¥2 + OS + 142 + 143 + BHD 


QUTPUT 
OUTPUT 
OUTPUT 


bon WwW HOR on WOW 


“SMO UE Wh 


Other Function Types 


Although all logic transfer 
functions can be expressed in 
terms of a set of Boolean 


EPROM MEMORY DUMP CHEX) + 


F a aoee 210 «32 «32 62 82 
equations, this is not always the geie we 32 72 72 9A 
most obvious way to describe a gazgiie 3232 62 BA 
particular function. Cases where gg3@ i187 46 BE 


there is an easier way to describe 
the function include code 
conversions, for example binary to 
decimal, binary to BCD, BCD to 7 
segment, etc. In these instances, it 
is perhaps not immediately obvious 
what the discrete logic 


ETI MARCH 1986 41 


RENAINING LOCATIONS UNPROGRAMMED 


INPUT(S) &, 7, 8, %, A SHOULD BE TIED TO @V 


Listing 2 The hex dump which results when the Boolean equations of Fig. 3 are 
entered into the BASIC program. 


a 


Seer’ DATA BYTE 
} f tb es cst 
g 
wai (9) a/flelale bla 
e of : 
' RRS, 


'MSB LSB 


Display Binary Hex Decimal 
004111111 3F 63 
00000110 06 6 
01011071 58 91 
01001111 4F 79 
01100110 66 

01101101 6D 

011141101 7D 

00000111 07 

01111111 7F 

01100111 67 { 
011101171 77 
01111100 3C 60 
00111001 39 57 
01011110 SE 94 
04111001 79 121 
01110001 Zl 173 


Fig. 4 Working out a single-digit, 
seven-segment LED decoder 
program by hand. 


0 
1 
2 
3 
4 
5 
6 
” 
8 
9 
A 
B 
Cc 
D 
E 
F 


implementation and hence 
Boolean equations would be. In 
cases like this it will often be 
found more convenient to write a 
dedicated BASIC program to 
calculate the EPROM contents. 

The conversion of 6 bit binary 
to 2 digit BCD provides an ideal 
example of such a solution. This 
example could be worked out by 
hand without too much difficulty, 
but in the general case the 
software solution will be more 
effective in terms of effort 
expended. Listing 3 shows the . 
main loop of a program to 
calculate EPROM contents for this 
function, Following this main loop, 
the hex dump and copying to 
RAM portions of the main program 
in Listing 1 could be added. The 
hex dump produced by sucha 
program Is shown as listing 4. Even 
without blowing an EPROM and 
plugging it into the evaluation 
board, it is quite clear just by 
studying this dump that the 
function is truly implemented. 
(Please note that, in spite of their 
appearance, the values in the 
dump are hexadecimal not 
decimal), 

A rather more interesting 
example of code conversion is that 
of binary to decimal or 
hexadecimal 7-segment code, 

The driving of a single digit 
7-segment display is quite trivial, 
requiring only ten values for the 
decimal case or 16 for hexadecimal. 
The calculation of the EPROM 
contents required can be done by 
hand as shown in Fig. 4. 

For a two digit display the 
requirements are considerably 
more involved. The initial problem 
is that two digits require 14 
outputs to drive them, compared 
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380 REM *##* THIS LOOP CALCULATES EPROM CONTENTS 
318 REN ##% FOR 6 BIT BINARY TO BCD CONVERSION 


320 FOR AZ=@% TO 63% 
338 TENSZ=INT (AX/ 18%) 


348 UNITS“%=AX%-18%#TENSZ 
338 ARRXCAZ) =TENSZ#1624+UNITSZ 
340 NEXT A% 


378 


IT4=6 : REMY ##*# THIS VALUE REQUIRED FOR HEX DUMP ETC 


Listing 3 The main loop of a program which calculates the EPROM contents 
for a 6-digit binary to 2-digit BCD conversion. 


EPROM MEMORY DUMP CHEX) + 


4008 1 @2 83 04 
0012 14 18 #19 «28 
Q028 32 34 #35 36 
2038 48 5@ 51 52 


REMAINING LOCATIONS UNPROGRAMMED 


INPUT(S? 6, 7, 8, 9, A SHOULD BE TIED To av 
Listing 4 The hex dump produced by the program given in Listing 3. 


COMMON ANODE 
7 SEGMENT LEDs 


BINARY 
INPUT 


DARLINGTON 
BUFFERS 


DARLINGTON 
BUFFERS 
(x2) 


50Hz 
OSCILLATOR 
TTL 


Fig. 5 Simplified circuit diagram of a 2-digit, seven-segment LED encoder using 
an EPROM. 


Jae REM *#** PROGRAM PORTION TO CALCULATE EPROM CONTENTS FOR 
318 REM *#* 6 BIT BINARY TO TWO DIGIT DECIMAL 7~SEGMENT CODE 


320 REM ¥#* LOAD 1 DIGIT 7-SEGMENT DATA COK FOR HEX TOO) 
330 DIM SEG%C15) 

342 DATA 63,4, 91,79, 102,109,125, 7,127,103, 119,60,57,94, 121,113 
350 FOR N%=Q% TO 15% 

360 READ SEG% (NZ) 

378 NEXT N% 


388 REM *## MAIN LOOP 


398 FOR AZ=@% TO 126% STEP 2% 
489 DA=INTCAL/ 22) 

419 TENSZ=INT (D%/18%) 

420 UNITS2£=D%-102*TENSZ 

430 ARR% (AZ) =SEG% CUNITSZ) 

448 ARRZCAL+12%)=SEG% (TENS) 


458 NEXT AZ 


449 IT%=7% : REM ##* REQUIRED FOR HEX DUMP ETC 


Listing 5 The main portion of a program which calculates the EPROM contents 
for a binary to 2-digit, seven-segment display conversion. 
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PROJECT ;: Evaluation Board 


with the 8 outputs available on the 
2716 EPROM. The answer is to 
utilise the common LED driving 
technique of multiplexing the two 


digits. A simplified circuit diagram aaah 

for such an-arrangement is shown ace 

in Ale 5, The common anode LED | gase 

displays are both driven from the Besa 

NPN Darlingtons which in turn are 2e3a 

driven from the EPROM output 2060 

data. The clock signal will drive the 0070 

anodes of each LED in turn by 

means of Darlington drivers (in REMAINING LOCATIONS UNPROGRAMNMNED 
this case PNP) and an invertor, The en 

clock frequency is high enough to INPUT(S) 7, 8, 9%, A SHOULD BE TIED TO av 


ensure both LEDs appear to be 
constantly illuminated even though 
only one is actually on at a time. 
Since the clock signal is also used 


Listing 6 The hex dump produced by the program given in Listing 5. 


as an input to the EPROM, the program will obviously generate simple to the quite sophisticated, 
resident program can be made to _| the two digits for each binary value | The board and software presented 
ee the data for one of the two__| in pairs of consecutive locations, here provide a means of verifying 
its for a particular value of the with the units in the least this and makes an interesting and 
ae address bits, depending on significant byte of the pair. Listing educational experimental project. 
the state of the clock input, This 6 shows the output produced by It is hoped that the board will also 
causes ue ee neue be this program. be used to aid the design of 
supplied to the currently : practical projects making use of 
illuminated digit. Conclusions Rieu mable logic. Be sine the 
The program to generate the It is quite obvious that by the evaluation board it is possible to 
required data is shown as listing 5. | use of programmable logic in the experiment with the programmable 
Once again the hex dump routines | form of an EPROM, it is possible to | portion of such a project before 
and so on will require appending implement a wide range of logic incorporating it into the main 
to the end of this code. The functions varying from the very design, ETI 


OSCILLOSCOPES 
TELEQUIPMENT D67. Dual Trace 50MHz, 
Delay ees with manual... £250 
COSSOR CDU 150, Dual Trace 35MHz 
pee eam Porabie 8x 10cmdisplay. ao 
8. ch LABS SMIli. Dual Trace 18MHz Solid 
State. Portable AC or External DC Opera- 
tion. 8 x 10cm display. With manuai...£150 
TEKTRONIX 547 Dual Trace 50MHz. Dual 
TB. Delay Sweep. With Manual ......... 2140 
TELEQUIPMENT D43. Dual Trace 15MHZ. 
WIth MANUAL... sccsscsccerrseerreseecerseereeeen £100 
EX-MINISTRY CT436. Dual Beam 6MHZ. 
Size 10 x 10 x 16Ins. With manual....... £60 


PHILIPS DIGITAL MULTIMETERS 
4 DIGIT. AUTO RANGING, Complete with 
batteries and leads (P&P £5) 

TYPE PM2517X (L.C.D.) cersssrssersaressarsnen £75 


NEW EQUIPMENT 
HAMEG OSCILLOSCOPES 605. Dual Trace 
60MHZ Delay Sweep. Component Tester 


£515 

HAMEG OSCILLOSCOPE 203.5 Dual Trace 

20MHZ Compontent Tester........0 £270 
All Other Models Available. 


BLACK STAR COUNTER aTMERS 
( 


APOLLO 10 - 
Interval etc... 
APOLLO 100 
more functions) 


£ 
BLACK STAR FREQUENCY COUNTERS. 
P&P £4 
Meteor 100-100MHZ..... 
Meteor 600-600MHZ 
Meteor 1000-1GHZ 
BLACK STAR JUPITO 


|icaddis ara 


RA2 262 185 33 7 


TYPE a b c d 


RA.2 262 185 33 78 
RA3 260 185 33 117 * 
RA4 400 230 35 85 | 


* not as shown see below 


MULTIMETERS PAB odin eed 1Hz 
AND the AVO 8 Mk3. Complete with batteries & | —500KHzP&P £4. +e 110 
ELBOX LOGS: iscccasiycossdissavevecsvereievasateaieavaas Only £60 HUNG CHANG DMM 10. Ey digit Hand 


held 28 ranges including 10 Amp AC/DC. 
Saat with batteries & et at ae 
3.50 


ly 
AVO Model 7x Complete with batteries, 
leads & Carrying CASO. :...,..erses verse £40 
AVO Model 73. Pocket Multimeter 
(Analogue) 30 ranges. Complete with ty 
TOTIOS & OAS ....,.creecscerssssseeseerersereenssees £18 
AVO 72 — Similar to above but no AC 
Current range. With Batteries & Leads £10 


f STEPPING MOTORS 
200 Steps per rev. 4 Phase (Swire) 12.24V 
Torque 25 oz inch (will run on 5V with 
reduced torque). Size 57mm dia x 57mm. 
6mm shaft £15 ea. 6/12 Steps per rev. 3 
Phase. 12-24V (will work on 5V).Size44mm 
dia x 41mm shaft. £2 ea, 5 off £7.50. 
NORTH AMERICAN PHILIPS. 24 Steps per 
rey. 4 wire 5V 3.3Amps. 0.250rpm 0.200 
PPs. Size 70mm dia x 41mm. £6 ea. 
200 Steps per rev. 120V (3 wire). Torque 25 
oz inch, Size 60 x 57mm. 6mm shaft. £4 
ea. 


SSCL OSGORES PROBES, Switched x1; 
X10 P&PEZ oo. sssrsscrssartrarseseserrseerserstereee £1 


PROFESSIONAL 9” GREEN SCREEN 
MONITORS made by KGM for REUTERS. 
Gives quality 80 x 24 line display’ Com- 
sneeied Video In. Cased. Good Condition 

ai -.only £40 each 


Bu" FLOPPY! DISK DRIVES 
TANDON ‘% Helght. Brand New 
Single Sided Double Density... i 
Double Sided Double Density .. £100 
MPI Double sided, Double Density | re 
TrACK UNUSE,.... srr ccrsersscrsessarseeerecernenen 
DISK DRIVE PSU. 240V 1N; 5V 1.6A nw 
1.5A out. Size: W125mm, H75mm, 
D180mm. Cased. Un-used. Only £10.00: 
p&p £2 


QWERTY KEYBOARD (as in LYNX micro). 

Pushto make. Cased ...Only£5 each p&p £2 
AVO TRANSISTOR TESTER TT169 
Handheld. GO/NOGO for In-situ Testing. 


Complete with Batteries, leads & instruc- 
tions (P&P £3)...csscsers NOW ONLY £12 


This is a VERY SMALL SAMPLE OF STOCK. SAE or Telephone for Lists. 
Please check availability before ordering. CARRIAGE all units £12. 
VAT to be added to Total of Goods & Carriage. Please allow 21 - for delivery. 


TYPE a b Cc 


RE.2 171 145 56 
RE3 231.181 77 


Anodised front panel, slope-back feet, sub- ¢ 
frame tos support PCB's for ease of 
construction, tough ABS covers in beige. 

IDEAL FOR BENCH TEST EQUIPMENT. 


ABOX. An attractive two tone beige/brown ABS moulded box in two 
parts with sloping anodised front panel. The RA.3 is as RA.2 but has a 
dual slope front panel, giving two panels areas 100x248 (lower) and 
50x248. 


PLEASE NOTE 
From January 1st 1986 we will be closed 
Saturdays. Opening times:- Monday to 
Friday 9am - 5.30pm with late night 
Thursdays until 8pm. 


MANY MORE TYPES AVAILABLE send large sae for brochure. 


PRICES RA.2£10,28 RA.3 £11.25 RA.4£19.75 
RE.2£8.00 RE.3£12.00 


All prices include VAT & postage and packing. Please allow 7-21 days delivery. 


Trade enquiries welcome, good quantity discounts offered. Also full 


SOxO TIER S]U8S8sq 


engineering service offered panel punching, engraving. painting etc. STEWART OF READIN EA 
Caddis Systems Ltd. 5 Keats Close, 110 WYKEHAM ROAD, READING, Dine RGE6 IPL 
Maldon, Essex. CM9 6DB. 0621 55116 Telephone: 0734 68041 


Callers welcome 9am to 5.30pm Monday to Saturday inclusive 
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DIGITAL SOUND 
SAMPLER 


Nothing could be sampler than building the analogue board. 
Paul Chappell shows the way. 


he component layout for the 
I analogue board is shown in 


Fig. 1. Construction should 
not present any difficulties. The 
main point to watch is that all the 
through-hole connections are 
made. It’s easy to leave one out! 
Some through links are made via 
component leads, so be sure to 
solder these at the top whenever 
there is a pad for them. 

Enclosed cermet trimmers are 
recommended for RV1 to RV6, 
although | have provided extra 
holes in the board to allow open 
cermets or carbon presets to be 
used (as a last resort). Good 
quality pour Capacitors 
should be used for the filters — 


the tighter the tolerance the better 


— and you may wish to use 1% 
resistors around the MF10s. The 
connectors for the power supply, 
bus and control lines can be of any 
type — if you have any problem 
finding a 12-way connector for 
the control signals, use an 8-way 
and a 4-way connector side by 
side. If you decide to socket the 
expensive ICs — the AM6072s, 
CMP01. etc. — the extra few 
pennies for good quality gold 
plated sockets will be well repaid. 
Some ICs cannot be socketed 
because through connections are 
made on their leads. 

To test the analogue board 
without the control board, the 
circuit must be made to drive 
itself. The on-board oscillator can 


PARTS LIST 


RESISTORS (all %4W 5% unless stated) 


R1, 18, 22, 54, 
69, 74 1k0 
R2,3 680R 
R4, 5, 29, 30, 31, 
46, 47, 48 12k 
R6, 7, 19, 20,32, 10k 
33, 49,51, 52, 
70, 73 
R8,9,11,12,13, 15k 
15, 34, 35, 37, 
38, 39,41 - 
R10 39k 
R14 13k 1% metal 
‘ film 
R16, 17, 23, 56, 


22k 


RV4, 6 
RV5 
(all horiz. cermet trimmers) 


CAPACITORS 

cl 1004 25V 
tantalum 

C2, 4 47 25V 
tantalum 
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60, 71 
R21, 44, 45, 66 
R24, 25, 27, 28, 

42, 43 


R26, 55 
R36 


R40 


R50, 59, 62, 67, 
68 


100k 
470R 


2k4 1% metal 
film 
3k9 
9k1 1% metal 
film 
7k5 1% metal 
film 


4k7 


C3, 5, 12, 13, 15, 
20, 23,29 
32-42 

C6, 7, 11, 14, 21, 


100n ceramic 


10. 25V 


22, 27, 31, 43-46 tantalum 


C8, 9, 16, 17, 18, 
24, 25, 26 

C10 

C29 


C30 


1n0 polystyrene 
100p ceramic 
150p 
polystyrene 

4u7 25V 
tantalum 


be used to drive the mobile filters 
and the ADCs can be made to 
sample continuously with a few 
temporary connections to the 
control lines. To test the signal 
path, proceed as follows. 

1) Join FCLK(1) to FCLK(2) on 

the control line connector. 

2) Wire IC7 pin r to FCLK 

(1),(2). 

3) Connect OE to +5V. 

4) Connect STM to OV. 

5) Connect SCS, SCC, SFM(1) 

and SFM(2) together. 

6) Connect the keyboard 

trigger input to +5V. 

7) Connect a signal source 

(microphone, signal generator, 

tape recorder output from hi-fi, 

etc.) to the signal input and an 


SEMICONDUCTORS 

1c1 NE5534 

IC2, 12, 15, 16, 

17 LM318 

IC3, 20, 21 741 

C4 LM311 

1C45, 13 MF10 
CMP01 
74LS86 
74LS74 
Am2502 
Am6072 
7418541 
74LS374 
ZN448 
BF244A 
BC212 
IN914 
9491 
Red panel 
mounting LED 
Green panel 
mounting LED 


MISCELLANEOUS 

IC sockets (3x18-way, 1x8-way); Molex 
connectors (0.1” pitch 12-way plug and 
socket, 0.1” pitch 8-way plug and 
socket, 0.2” pitch 5-way plug and 


socket); PCB. 
| 
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amplifier to the signal output of 
the board. 

8) Set all presets to mid 
position. 


If the board is now powered 
up, the A to D section of the circuit 
should sample continuously and 
the D toA section should take 
each generated code and translate 
it back into analogue form. A signal 
applied to the input should 
therefore follow the entire audio 
path and emerge at the output. 


Fault Finding 


If there is no signal from the 
output, or if the sound is distorted, 
the following test procedure 
should identify the troublesome 
area, 

First, check pin 6 of IC1 witha 
‘scope. The input signal should 
emerge from this pin considerably 
amplified and RV1 should control 
the gain. Next check pin 6 of IC2 
to make sure the signal is present 
there too. Now proceed to pin 20 
of IC5. If there is no signal, inspect 
pins 10 and 11 to make sure the 
clock signal — a square wave of 
about 1MHz — is present. No 
clock means that the circuit 
around IC7¢c/d is not eae (or 
possibly a faulty connection, of 
course. You did remember steps 1 
and 2, didn’t you). 

To check the A to D 
conversion, the best way is to 
synchronise your ‘scope to SCC — 
either by connecting the external 
sync. to this signal, or even better 
by viewing it on one channel of a 
dual beam ‘scope. 

The SCC signal should spend 
about 90% of its time at logic 1 
and drop to logic 0 briefly about 
once every 10uS (assuming the 
clock is running at the nominal 
1MHz rate. You can adjust the 
clock frequency with RV6). Check 
each data bit in turn (on the 
connector at the edge of the 
board) with the other ‘scope 
channel. Each data bit should go to 
1 at some time during every 
period when SCC is at logic 1, 
regardless of whether or not there 
* is an input signal to the circuit (you 
are watching the trial setting of 
each bit by the successive 
approximation register). With an 
audio signal at the input to the 
circuit, you will see two traces on 
most of the data lines: one where 
the line drops back to zero again 
after about 1s and one where it 
remains at logic 1 until SCC goes 
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low and high again. You will see 
both traces at once because both 
situations will occur during each 


cycle of the input wave. 


If everything is functioning 


correctly up to this point, the A to 


D conversion is taking place. Now 
we've got to get the audio signal 
back again. Check pin 11 of [C18 
and the same pin on !1C19. They 
should both follow SCC, since you 
effectively connect them all 
together in step 5. Keeping the 
"scope synchronised to SCC, check 
the data on pins 2 to 9 of IC14. 
The voltage on all these pins 
should remain constant while SCC 
is high, but may change on each 
low to high transition. Pin 9, the 
lowest order data bit, should 
certainly change, even with a very 
small audio input to the circuit. As 
the signal level increases, the 
higher order data lines will also 
change. On the data lines that do 
change, you will see both traces at 
once on the ‘scope (one remaining 
at logic 0, one at logic 1) for the 
same reason as before. 

From here the signal can be 
traced — back in analogue form — 
at pin 6 of IC15, pin 6 of IC12, pin 


_20 of 1C13 (check the clock on 


pins 10 and 11 again if there is no 
signal from here), pin 6 of |C16 
and finally at pin 6 of IC17. If the 
signal gets lost between IC16 and 
IC17, check the keyboard trigger 
circuit (Q1, Q2). If the keyboard 
trigger input is grounded, the 
audio output from the circuit 
should cease; taking it to +15V 
will allow the sound to emerge. 
There should be no ‘click’ when 
the trigger voltage is changed. 
The circuit around 1C3 and IC4 
must generate a logic signal to 
inform the control circuit that a 
suitable audio signal to be 
sampled is present at the input. 
Connect your ‘scope to SOUND 
on the control line connector. 
With a very small audio input to 
the circuit, the signal should 
remain at logic 1; as the input level 
increases, SOUND should begin 


BUYLINES 


The ICs and various other parts for the 
sampler are available from Specialist 
Semiconductors, Founders House, Red- 
brook, Monmouth, Gwent. Please write 
for details. Metal film resistors can be 


obtained from Maplin Electronic Supplies 
Ltd., PO Box 3, Rayleigh, Essex, SS6 8LR 
(tel: 0702 554155). The PCBs will be 
available from our PCB Service. 


PROJECT: Sound Sampler 


to oscillate between logic 1 and 
logic 0. The exact level at which 
this happens can be controlled by 
RV2. With the LEDs connected at 
the edge of the board, the green 
one (LED2) should begin to light, 
as soon as the input level is great 
enough to trip SOUND; the red 
LED (LED1) will light when the 
signal reaches a higher level still, 
giving a rough indication of the 
input signal level. 


Testing The 
Keyboard Interface 


First of all, remove all the 
connections made in steps 1 to 8 
for testing the audio circuit, then 
make the following links. 

1) Connect OE to OV 

2) Connect STM to +5V 

3) Connect EOC to SCK via the 

transistor circuit shown in Fig. 2. 

4) Connect a variable voltage 

source of 0 to +5V to the 1V/ 

octave input. (A battery anda 
1k0 pot will do). 


Fig. 2 Test circuit for the keyboard 
interface. 


With the input at OV, adjust 
RV4 until the voltage at the 
junction of D7 and D8 is also at 
OV. Check that pin 6 of 1C21 is at 
OV too. Keeping the meter on 
IC21 pin 6, increase the input 
voltage. The voltage shown by the 
meter should also rise, and should 
be about half the input voltage. 
(You can make its exactly half by 
adjusting RV5, but don’t bother 
too much at this stage.) 

Finally, check the data lines. 
During the time that EOC is high 
the contents of the data lines will 
represent the voltage present at 
the input. If you have a steady 
hand on the input voltage control, 
you will see the data lines stepping 
through the normal binary 
sequence as the input rises from 
OV. As the codes of interest occur 
when EOC is high — about 10% of 
the time — you will need a’scope 
to see it. 

This concludes the testing. 
Setting up the various presets for 
best results will be described ina 
later article. 
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6809-BASED 
MICROCOMPUTER 


Gary Mills discusses the choice 
of 1/O devices and case to 
complete the system before 
going on to describe the 


testing and initial 


power-up procedures. 


ith assembly of the boards 
W complete, the next step is 

to select and interface the 
appropriate input/output devices, 
attach a power supply, and install 
the complete system in a case or 
cases, Diagnostic test routines can 
then be run using the ROM 
monitor program. 

The board can be used either 
with a separate keyboard and 
video monitor or with a serial 
terminal which includes both 
keyboard and VDU, Unless you 
already have such a terminal, you 
will probably wish to use separate 
devices. There is a wide range of 
suitable equipment to choose 
from. 

The video monitor chosen may 
have either a composite video ora 
TTL interface. Using the composite 
video interface, any monitor that 
sinks 1 volt into 75 ohms will do. 
Since this is an almost universal 
standard, most composite video 
monitors can be used. Because the 
video resolution of the board is 
very high, the higher the resolution 
of the monitor, the better your 
display will look. 20MHz or over is 
a good figure to go for. Also, the 
picture will improve significantly if 
the video phosphor is a long 
persistence type, for example P39 
or amber. Monitors that satisfy the 
requirements above include the 
Phillips Computer Monitor 80, No. 
BM7502/05 G (green) orA 
(amber), and the Kaga/Taxan 
KX1201, KX1202, and KX1203. 


ETI MARCH 1986 


Pin No. 
1 


2: 
%. 
4. 


Table 1 Pin connections on the 
TTL-Video output socket, SK8. Pin 
1 is the pin nearest the composite 
video output socket, SK9. 


Signal 


Uh 
25. 


Table 2 Pin connections on the 
RS232 serial ports, SK3 and SK4. 


Outer row 


, 


1,12 
13,14 
15,16 
17,18 
19,20 


Table 3 Pin connections on the 
parallel keyboard port, SK2. 


TTL video monitors can also be 
interfaced to the board. One of 
the commonest types is the IBM 
compatible monitor. There is a 


PROJECT 


slight problem here in that the 
signals required (HSYNC, VSYNC 
and TTLVIDEO) are active high 
while the signals coming from the 
board are active low. To get 
around this problem, invertin 
buffers can be connected to the 
TTL video output lines. This is not 
available as a modification from 
Micro Concepts, but those who 
require it should not have too 
much difficulty sorting it out for 
themselves. 


Keyboards 


As with monitors, the 6809 
board can be interfaced to a wide 
range of keyboards, including both 
parallel and TTL-serial types. 

The WD2123 chip was 
expressly chosen because it can 
support serial TTL keyboards, and 
for greatest flexibility the RS-232 
drivers were also provided. To 
interface a serial TTL device such 
as a keyboard, it is necessary to 
circumvent the drivers. Remove 
the 75189 receiver chip and 
replace it with a header, jumpered 
so that each input line connects 
directly to an output. When the 
port is required as an RS232 
interface, swop back to the driver. 
Two serial TTL keyboards which 
would be suitable are the IBM 
Work-Alike from Diamond H 
Controls, Vulcan Road North, 
Norwich NR6 6AH, tel 0603- 
45291, and the GAT-0414 
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PA4 
PA3 
PAS 
PA2 
PA6 
PA1 
PA7 
PAO 
Gnd 
PC7 
PC6 
PC5 
PC4 
PCO 
+5v 
PC1 
PB7 
PC2 
PB6 
PC3 
PB5 
PBO 
PB4 
PB1 
PB3 
PB2 


COONAN BRWNH a 


Table 4 Pin connections on the 
EPROM disc board connector, 
SK6. 


from Verospeed. Any serial 
keyboard used should be set to 
9600 baud, eight data bits and no 
parity on start-up. 

The second keyboard option is 
the parallel interface. Quite a few 
low cost parallel interface 
keybards can be found, but 
caution must be exercised. Make 
sure that the keyboard is ASCII 
encoded, and that it has a full set 
of upper and lower case letters, 
numbers and punctuation marks. 
The keyboard must provide a 
negative going strobe of at least 
one millisecond width to the 
board with each character. 

If you are going to use a serial 
terminal instead of a separate 
keyboard and monitor, it should 
be set to 9600 baud, 8 data bits 
and no parity. The board requires 
RTS/CTS handshaking. If this is not 
available from the terminal, link 
the two pins together. 


Power Supplies 


The next piece of equipment is 
the power supply. There are two 
important considerations here, the 
dimensions of the power supply 
which must be determined in 
relation to the cabinet you are 
going to use, and the output 
current and number of voltage 
rails required. This in turn depends 
on whether you will also be 
powering your drive(s) with the 
same supply, whether you use the 
serial driver chips, and what the 
power requirements of your 
keyboard are. 
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The general requirements for 
the power supply are +5 volts at 
2.5 amps, +12 volts at 2 amps, and 
-12 volts at 0.1 amps. This assumes 
that you will be powering two 
drives, and that you have a 
separate keyboard drawing a small 
amount of power. One supply 
which is suitable is the Model 
PRD 303 from Power Rail 
Electronics Ltd, tel 0582-600277. 
This unit is recommended for use 
with the Vero Total Access case 
used on the prototype because it 
fits easily within the limit the 
cabinet places on height. 


The Case 


This board does not necessarily 
require a case. Indeed, as we 
mentioned in the last issue, a 
prototype can be found mounted 
to the wall of the designer's 
workroom. However, a case does 
protect things, and it can also help 
to collect and organize the cables, 
power supply and drives. 

The case pictured is from Vero 
and is a Total Access case type 
212-8154H. To use it you will also 
need a chassis plate type 
212-27826K. Use of this case 
requires that you mount the disk 
controller cable socket and the 
buss extension socket vertically. 
The power supply should be the 
one mentioned suave or should 
conform to the dimensions of the 
case. There is sufficient room 
available inside it to mount one 
5 Y% or two 3 % inch drives. 

Further, a slot must be cut in 
the front of the cabinet to allow 
the EPROM disk to be installed. A 
connector cannot be taken out to 
the front of the case because the 
extension of the EPROM 
connector would create too hgh 
an impedance. Micro Concepts 
will substitute a reduced size 
EPROM board, in the kit if you 
specifically ask for it. This will fit 
fully within the cabinet but must 
be soldered on to the main board 
rather than socketed. In practice 
this only means you will have to 
replace EPROMs rather than 
replace the whole EPROM board. 

The board should be mounted 
to the chassis plate with four 
standoffs. The fit is a bit snug, so 
make sure you mark the holes 
correctiy before you drill. 

The Total Access case is the 
only one we have tried using, but 
there is no shortage of other case 
designs for those who don’t mind 


| experimenting a little with 


mounting and connector 


% 


positioning. Vero sell several larger 
sizes of Total Access case which 
would allow more flexibility in the 
choice of power supply, number 
and type of disc drives and in the 
use of the EPROM disc board. 
There are also a large number of * 
other cases on the market which 
would no doubt be suitable. For 
those who want a really 
professional look, a number of 
manufacturers offer suites of 
matching cases to house 
processor, monitor, keyboard, disc 
drives and peripherals in several 
combinations of stacking and 
distributed units. One such 
packaging system from Vero was 
described briefly in a short item in 
last month’s News Digest, and 
West Hyde Developments and OK 
Industries are among the other 
manufacturers who produce this 
type of case. 


Power-Up And Testing 


Assuming that you have 
purchased your hardware, 
assembled the board, tested for 
continuity, inserted the ICs, and 
connected the peripherals, the 
next steps are as follows. 

First set the switches on SW1 
to match the peripherals you have 
connected. The appropriate 
settings are shown in Table 5. Now 
connect power to the board. If all 


Hardware 


Switch Settings 


1 2 3 4 
Parallel keyboard off off off off 
and video monitor 


Serialkeyboard on off off off 
on Port 1 and 


video monitor 


Serial Terminal on on. off off 


ont 


Table 5 SW1 switch settings to 
select peripherals. 


in Inner row Outer row 
1,2 Gnd ne 
3,4 Gnd ne 
5,6 Gna ne 
7,8 Gnd index 
9,10 Gnd Select 0 
det, 12 Gnd - Select 1 
13,14 Gnd nc 
15,16 Gnd Motor on 
17,18 Gnd Direction 
19,20 Gnd Step 
242.2 Gnd Write data 
23,24 Gnd Write gate 
25,26 Gnd Track 0 
27,28 Gnd Write prot 
29, 30 Gnd Read data 
31,32 Gnd ne 
33,34 Gnd nc 


Table 6 Pin connections on the 
floppy disc port, SK5. 
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is well a header and a prompt will 
appear. The prompt should look 
like this 


=> 


Try typing a few characters. If they 
appear correctly on the screen, 
use the TM (test memory) 
command to test memory from 
0000 to DEOO. While the test is 
proceeding, tap the board gently. 
This will show up any bad solder 
joints. 

Now switch off, disconnect all 
connections to the board and fit 
the NiCad battery. Be extremely 
careful not to short circuit it, as it 
can break open and foam over, 
damaging the board and making a 
mess. Momentarily short pin 22 of 
the clock chip to ground. This will 
cause it to load the default values 
into its RAM on power up. 


Memory 


AD= ASCII dump of memory 
HD= Hex dump of memory 
ME= memory examine 

PM= Poke memory with value 
FM= Fill memory with value 
SM= shift a block of memory 

Fl= find ASCII string in memory 
TM= test memory 


DR= display registers 
CD= calculate displacement 


Input/Output 


Si= Set keyboard input port 
sO= set output port 

SB= set baud rate 

LK= load ASCII text from 


keyboard 


Real Time Clock 


DC= display contents of RTC 
memory 
MC= modify contents of RTC 


memory 


Disc 


DF= format disk 
TS= test stepping 
TD= test drive 
RS= read sector 


WS= write sector 


Running Programs 


ju= jump to program 

CP= continue program after 
software interrupt 

RP= run program 

Flex 

BF= boot Flex from disk 

BO= boot Flex from wherever 
it was last booted 

\T= jump to Flex warm start 

Table 7 A_ iist of monitor 


commands, arranged according to 
the area they serve. 
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PROJECT: Computer 


An internal view of the computer showing the power supply and disc drive 


installed below the chassis. 


Reconnect the board. If you 
have drives, now is the time to 
hook them up. They should be set 
for head load with motor on and 
the drive selected. 

A further suite of routines in 
the monitor which can be used for 
testing the disk drives is listed in 
Table 7. 

If you have got this far and 
have Flex, you are ready to boot it. 
If you don’t have Flex, you can still 
use some of the powerful monitor 
commands. A list of commands is 
given in Table 7, each with a short 
description. 

If there are problems with the 
board here are some things you 
might check: 


are the configuration 
switches set correctly? 


are your serial devices 
connected correctly? 


are any of the chips getting 
overly hot? 


do any of the address or data 
lines look shorted? 


is the 16MHz clock being 
generated? 


are E and Q getting to the 
processor? 


are the DRAMS getting the 
correct signals? 


is the MONO EPROM getting 
the correct signals? ~ 


are there any spurious 
interrupts? 


is there a video signal? 


Inner row Outer row 


STROBE 


Table 8 Pin connections on the 
printer port, SK1. 


Outer row 
+5v 
Gnd 
IC19 pin6 
BAI 
BDO 
BD2 
BD4 


Inner row 


Table 9 Pin connections on the 
expansion bus socket, SK10. 


@ Next month’s concluding article 
will discuss applications and the 
use of the machine and will 
include a list of some of the Flex 
software available. A basic kit for 
this project is available from Micro - 
Concepts, 2 St. Stephens Road, 
Cheltenham, Gloucestershire 
GL51 5AA, tel 0242-510525. ETI 
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THE DIGIBARO 


Ken Wood supplies the EPROM listing to go with last month’s ° 
digital barometer design. 


0000 
0010 
0020 
0030 
0040 
0050 
0060 
0070 
0080 
0090 
00A0 
COBO 
ooco 
“oopo 
OOEO 
OOFO 
0100 
0110 
0120 
0130 
0140 
0150 
0160. 
0170 
0180 
0190 
C1A0 
01B0 
o1co 
o1po 
O1E0 
O1LFO 
8200 
0210 
0220 
0230 
0240 
0250 
0240 
0270 
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lole) 
10 
10 
10 
10 
10 
10 
10 
10 
10 
34 
34 
34 
34 
34 
34 
fee] 
40 
40 
40 
40 
40 
40 
40 
40 
40 
64 
64 
64 
64 
64 
64 
00 
80 
80 
80 
so 
80 
80 
80 


1G 
10 
10 
10 
10 
10 
10 
10 
10 
10 
34 
34 
34 
34 
34 
34 
40 
40 


40. 


40 
40 
40 
40 
40 
40 
40 
64 
64 
64 
64 
64 
64 
80 
80 
80 
80 
80 
80 
80 
80 


10 
10 
10 
10 
10 
10 
10 
10 
16 
10 
34 
34 
34 
34 
34 
34 
40 
40 
40 
40 
40 


40. 


40 
40 
40 
40 
64 
64 
64 
64 
64 
64 
80 
80 
80 
80 
80 
80 
80 
80 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
34 
34 
34 
34 
34 
34 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
64 
64 
64 
64 
64 
64 
=[e] 
80 
80 
80 
80 
80 
80 
80 


10 
10 
10 
10 
10 
10 
10 
10 
1G 
10 
34 
34 
34 
34 
34 
34 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
64 
64 
64 
64 
64 
64 
80 
80 
80 
80 
80 
80 
80 
80 


10 
10 
10 
10 
10 
10 
to 
10 
10 
10 
34 
34 
34 
34 
34 
34 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
64 
64 
64 
64 
64 
64 
80 


80. 


80 
80 
80 
80 
80 
80 


10 
10 
10 
10 
10 
10 
10 
10 
16 
10 
34 
34 
34 
34 
34 
34 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
64 


64 


64 
64 
64 
64 
80 
80 
80 
80 
80 
80 
80 
80 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
34 
34 
34 
34 
34 
34 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
64 
64 
64 
64 
64 
64 
80 
BO 
i=Te] 
80 
80 
80 
80 
80 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
34 
34 
34 
34 
34 
34 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
64 
64 
64 
64 
64 
64 
so 
80 
80 
80 
80 
80 
B80 
80 


10 
10 
10 
10 
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RS232-_ 


CENTRONICS | 
CONVERSION 


D.j. Virden has come to the rescue of numerous readers who 
want to convert an RS232 into a Centronics output. 


but your printer has a Centronics interface then you 

will have to beg, steal or build aserial-to- parallel con- 
verter, not a cheap bit of equipment by any means. 
RS232 printers also tend to be more expensive than 
their Centronics equivalent, but many portable and 
cheap micros sport only the RS232 output. 

The RS232 interface was developed as a standard to 
ensure compatibility between equipment from different 
manufacturers. The output levels from the interface can 
be anywhere between +3V and +15V for an on state 
and—3Vto—15Vforan offstate. The areabetween —3V 
and +3V gives some degree of noise immunity. The out- 
put data is asynchronous, using stop and start bits to 
achieve synchronisation. Fig. 1 shows the transmission 
sequence of a complete byte. 


The Circuit 


The heart of the interface is the General Instruments 
AY-3-1015D UART (Universal Asynchronous Receiver/ 
Transmitter), whose sole purpose in life is to convert 
serial data to parallel and vice versa. However, only the 
receiver séction of the device is used in the circuit. The 
chip can also cope with parity and any number of data 
bitsfrom five to eight. The numberofstop bits can be one 
or two. The circuit is shown in Fig. 2. 

Data from pin 2 (Tx) of the RS232 plug is fed to Q2 
which converts the bipolar data signal toaTTL level. This 
TTL level is fed to the serial input of the UART. The UART 
strips the data byte of its sync bits, and presents the byte 
in parallel to the data lines RD1-RD8. Each time a data 
byte is received the DAV latch is set, signalling that data 
is available. This line is connected via a monostable 
(IC5) tothe printer's data strobe. Data strobe is brought 
low and the byte is stored in the printer's buffer. While it 
is doing this the printer signals that it cannotaccept more 
data by setting BUSY high. BUSY is connected via Q3 to 
CTS (pin 5). When the data byte has been stored, the 


| f you have a computer equipped with a RS232 port, 


START DO D1 D2!1D31D4 DS D6 D7? 


STOP! 
PARITY [STOP 


| Fig. 1 Typical asynchronous data format for one byte. 
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printer sets BUSY lowand sends an acknowledged pulse 
which is used to reset the DAV latch, enabling another 
byte to be sent. 

1C2c and dand XTAL1 form an oscillator whose out- 
put is fed to the dividers, IC3 and IC4. The outputs from 
the dividers are used for the clock input of the UART. The 
clock rateis 16 times the desired baud rate. Forexample, 
the clock rate required fora receiver rate of 2400 baudis 
16x2400 = 38.4KHz. The baud rate is selected by con- 
necting wire link LK1 to the appropriate divider output, 
marked A, B, C and D. 

If lower baud rates are required, replace the 7493 
counter with a CMOS 4040 12 bit counter. This will 
allow speeds down to 75 baud. This should only be 
required when the equipment you are using to transmit 
the data is incapable of higher speeds, as the Centronics 
itself is capable of keeping up with all but the highest 
baud rates. 

IC6 and IC7 are used to buffer the signals going to 
and from the printer. These are open collector as the 
printer inputs are all pulled up to 5V. 


In Use 


A power supply for the unit is not given. !t is worth 
examining the feasibility of using the printer's power 
supply. The Microline 80, for example, has a power pin at 
10V DC, 150mA (P34), which could be used to derive 
the required TTL supply of 5V, and oneat23VAC,50mA 
(P36), which could be the source for the bipolar swing 
required by the RS232 specification. Figure 3 shows the 
connections to this printer — other printers with Cen- 
tronics inputs may differ slightly and you should check 
with the manual. 

Pull-up resistors are not necessary with SW1 since all 
inputs to the 1015 are pulled-up internally. Table 1 
shows the effect of each switch on the data transmission 
parameters. 

After the unit is constructed select the transmission 


DATA c d 


SsW1 a b 


PARITY e STOP 
BITS BITS 
1 1 5° xX (0) off 1 1 
1 10) 6 1: 1 odd 0 2 
0 1 7 0 1 even _ _ 
0 8 — - = — _— _ 


(* combination of two stop bits and five data bits gives 1% stop 
bits.) 7% 


1=Switch closed. Use DIL switch unit or independent miniature 
toggles. ; 


Table 1 Transmission parameter selection using SW1. 
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RS232 INPUT 


100n 


| OV SIGNAL G7 
GROUND 


NOTE: 
1C1 = AY-3-1015D 13 
1C2 = 74.804 

AX R7 330R,, 4 


AX RS 3308, . ‘ 


°. 
le 


C5 = 74L$121 
1C6,7 = 74LS07 
» 1 = 2N2907 

2,3 = 2N2222 

D1 = 1N914 

LED1,2,3 = RED PARITY, FRAMING 
AND OVERRUN 
INDICATORS 


XTAL1 


parameters required — baud rate, parity and number of 
data and stop bits. Switch off the printer and computer 
while you connect up the leads. Test the unit is working 
by sending text to the printer. Refer to your users’ 
manual on how to do this. 

If the interface does not seem to work, check the 
error LEDs. If the frame error LED is on, you are either 
running the unit at the wrong baud rate orhave the parity 
switch in the wrong position. The overrun LED indicates 
that a byte has not been read from the UART. If this 
occurs check the connections from the unit to the prin- 
ter. The parity error LED indicates that the parity check 
has returned an incorrect value. You will probably need 
to confirm the settings on your printer and adjust SW1 
accordingly. 


CIRCUIT SOLUTION 


CENTRONICS OUTPUT 


Fig. 2 The circuit of the interface. 


eee 


The CIRCUIT SOLUTION section is designed to provide original 
design ideas and solutions more comprehensively than TECH TIPS 
but without the complexities of a full-scale project. Readers are 
pied to experiment and design their own stripboard or PCB 
layouts. 


ETI 


PIN NO. FUNCTION DATA STROBE 


ile DATA STROBE pas 

2 DATA BIT 1 ane 

3 DATA BIT 2 2] eita 

4 DATA BIT 3 44 gins Z 

5 DATA BIT 4 BITS 

6 DATA BIT 5 ae 

rare ene ACKNOWLEDGE 

9 DATA BIT 8 PAPER END 

10 ACKNOWLEDGE 

11 BUSY 

12 PAPER END 

19-30 OV 10V DC (150mA) 
34 10 V DC (150mA) 

36 23 VAC (50mA) 23V AC (50mA) 


Fig. 3 Connections to an Oki Microline 80 printer. 
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precision pick-up arms 


Please call or write: 
SME Limited, Steyning, Sussex, BN4 3GY 
Telephone: 0903 814321 Telex: 877808 G 
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TECH TIP 


Torch Locator 


LM. Loong 
Hong Kong 


Having been caught out on several 
occasions by unexpected power 
cuts, | resolved to find a means of 
making my torch easier to find in the 
dark. This circuit is the result of my 
efforts. 

It consists of a simple oscillator 
which will flash an LED on and off. 
The current drawn by the LED is quite 
small and using a flashing rather than 
a steady illumination reduces the 
current demand. A further refine- 
ment is an LDR light sensor circuit 
which switches the LED off when 
there is sufficient ambient light to 
make it unnecessary. As a result, a 
battery life of at least a month can be 
expected even with torches which 
use penlight cells. 

For construction purposes, the 
best type of torch to convert is one 
using D size cells (HP2, MN1300, 


NOTE: 

Q1 = CS2082G OR ANY SMALL PNP TRANSISTOR 

Q2 = CS2004C OR ANY SMALL NPN TRANSISTOR 

LDR1 = CADMIUM SULPHIDE LIGHT DEPENDANT 
RESISTOR (ORP12 OR SIMILAR) 

LED1= 0.2" RED LED 

B1 = EXISTING TORCH BATTERY 

LP1 = EXISTING TORCH BULB 

SW1 = EXISTING TORCH SWITCH 


R/LR20, etc.) and having plenty of 
space inside the case. It is alsoa good 
idea to get one with a lamp-reflector 
made of silvered plastic, as the best 


place to mount both the LED and 
LDR is on the silvered surface. This 
ensures that the LED flashes are pro- 
jected welland that the LDR picks up 
all the light around the reflector.and 
biases the flashing circuit off, thus 
reducing the current demand. With 
care, the intrusion of these two com- 
ke has negligible effect on the 

eam produced by the torch in nor- 
mal operation. 

The component values given are 
for 3 volt operation and allow the cir- 
cuit to work down to 2.5 volts. As the 
current consumption is minimal, the 
normal 3 volt torch bulb, although 
stillin circuit, is not illuminated whilst 
the flashing circuit is operational. The 
flashing circuit is effectively short- 
circuited when the normal on/off 
switch is operated to switch on the 
torch. 

Whilst the circuit diagram gives 
Q1 as a CS 2082G and Q2 asa 
CS2004C, these being Hong Kon 
made transistors | had to hand, 
almost any small plastic cased silicon 
transistors will function in their 
positions. 


NOTE: 
1C1 = 74LS138 
(C2,3 = 4078 


IC4'= 741801 


D1= 1N4148 
A0-A19 = OL ADDRESS BUS 
ASL, VPAL = OL SIGNALS 


_s VPALO 


Interfacing The QL 


Greg Parker 
London N11 


Now that the Sinclair QL costs only 
£200 or so it is within reach of the 
electronics. experimenter. It may 
even replace the Spectrum as the 
computer workhorse for which most 
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interface projects are made. It is, 
however, a bit more complicated to 
interface than the old faithful Z80 
with all its ideal |/O capabilities. 
Looking at the edge connector 
pin-out (in the manual) it canbe seen 
that various devices have been 
added to the basic 68008 to confuse 
matters. So | wrote to Sinclair 
Research for some explanation; they 


replied that a book costing £15 
would help — please senda cheque. 
Unwilling to spend £15 onabook, | 
decided to rely on common sense 
and designed this circuit. 

The standard 68000 accesses a 
peripheral by setting up the address 
and data busses and asserting the 
Address Strobe (ASL) line. If the 
address is correct the peripheral 
replies with a Valid Peripheral 
Address (VPAL) signal. The 68000 
then confirms this with a Valid 
Memory Address (VMAL) signal, 
inserting wait states to allow for slow 
peripherals. On the QL, the VMAL 
line is not brought to the edge con- 
nector so proper handshaking can- 
not be assured, but the circuit shown 
seems to work well. 

The two NOR gates and IC4a 
decode the address bus — when the 
address 4000x(h) isaccessed VPALis 
pulled low and IC1 is enabled. IC1 
decodes the low 3 address bits and 
outputs a SELECT signal to the 
appropriate peripheral. An output 
latch and an input 3-state buffer are 
shown as examples. The devices are 
selected from BASIC by PEEKing or 
POKEing the appropriate address 
(the addresses from 40000(h) to 
Co000(h) are specifically reserved 
for expansion |/O). 
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Self-Activating Siren 


Steve Brown, 
Woking 


This simple analogue self-activating 
siren for an intruder alarm offers 
several functional advantages over 
its more usual digital rivals but uses 
only one 8-pin IC. 
The main features are: 
®@ virtually tamper proof 
@ fault protected 
@ automatic reset 
siren disable 
retriggerable while siren 


sounds 
uses 4-core cable —2 signals, 
2 power. 

The siren is activated by a 


retriggerable monostable (for 
example, a4047B or NE555) in the 
control unit which sends a 2s dura- 
tion logic pulse toinput B. The pulse 
length is kept short for security 
reasons but is long enough to fully 
charge C3 viaD1 and R1 (C3 willbe 
95% fully charged in three R1C1 
time constants or about 1.5s. 

Op-amp IC1b compares the 
voltage across C3 with the threshold 
voltage Vrx which is set by the voltage 
divider R9, R10. Fora +12V supply 
rail, VtH is 365mV. When Vrx is 
exceededat pin5 of IC1b, its output 
saturates at +12V, Q2 turns hard on 
and the siren sounds. 

As the siren sounds, C3 will 
exponentially discharge to OV via R3. 
After a time t (=3.5xR3xC3s), the 
threshold voltage begins to exceed 
C3 voltage ant the siren switches 
off. In practice, this time may be 
double its theoretical values 
(Table 1). 

A surprise result in Table 1 is the 
relatively poor performance of low- 
leakage tantalum bead capacitors 
against electrolytics. This may be 


swi 
ANTI-TAMPER 
MICROSWITCH (NC) 


TECH TIPS 


NOTE: 

IC1 = LM358N 
Q1= VN1I0KM 
Q2 = 2N3053 
D13=1N4148 
02.4 = 1N4002 


due to the fact that electrolytic 
capacitors usually have a high over- 
tolerance (up to +50%) and conse- 
quently offer better value for money. 
For longer on-times, VrH can be 
reduced or R3 increased. However 
op-amp offset voltage and noise 
considerations will set a minimum 
Vtn while leakage currents through 
C3 will set a maximum on-time. 

IC1a and its associated compo- 
nents form a classic op-amp monos- 
table. When the +ve supply is 
interrupted a 1-2s logic pulse is 
transferred to C3 via D3 and the 
siren sounds as before. 

Input C allows the siren to be 


elect. 


400 

850 
1440 
2700 


tant. 


345 
780 
1005 
1860 


R theory 
IM5 247 
3M3 543 
4M7 UT hes} 
Or. — 


Table 1 


i 
ANTI-TAMPER 
MONOSTABLE 


controlled from the contro! unit. 
When the alarm is armed, input C is 
latched low. In SIREN TEST mode, 
input B goeshigh for the test dura- 
tion and input C is also latched high. 
C3 discharges via Q1 and R2 imme- 
diately input B goes low. Similarly, 
input C is latched high for SIREN 
DISABLE mode and the siren is 
switched off and held off. 

The op-amp circuits are filtered 
from the siren switch-on transient 
by C1, C2 and R11. These compo- 
nents can beomitted ifalow current 
drain electronic siren is used. C5 
provides extra filtering for Vr1 and 
prevents oscillations around !C1b 
as the input voltages approach one 
another. 

IC1 was selected forthe ability of 
both inputs and outputs to swing 
from +Vcc to ground, although in 
practice, most op-amps can be 
used. 

D1 and D2 provide tamper and 
reverse polarity protection while 
D4 would be added if the siren is 
an inductive device. ETI 


CONSTRUCTOR SERIES SPEAKER KITS 


Based on the famous Kef Reference Series, these three DIY designs give the home constructor the 
‘Opportunity to own an upmarket pair of loudspeakers at a very down—to—ear th price! 


With a Wilmslow Audio Total Kit it’s so easy — no electronic or woodworking 


skill is necessary. Each kit contains all the cabinet components (accurately machined 
from smooth MDF for easy assembly), speaker drive units, crossover networks, 
wadding, grille fabric, terminals, nuts, bolts etc. 

Model CS1 is based on the Reference 101, CS3 is equivalent to the Ref. 103.2 
and CS9 is based on the Reference 105.2 (but ina conventionally styled encl.). 


CS1 £116 pair inc. VAT plus carr/ins £6 : ; 
CS3 £138 pair inc. VAT plus carr/ins £10 Mle ar page Hee Gabi? 
CS9 £383 pair inc. VAT plus carr/ins £18 Or Elect ie 
FS§ Lightning service on telephoned credit card orders! ae 
WIMSLOW AUDIO LTD.35/39. Church Street, Wilmslow, Cheshire SK9 1AS Tel: 0625 529599 
Call and see us for a great deal on HiFi. (Closed all day Mondays) 


DIY Speaker catalogue 
£1.50 post free (export $6) 
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1981 
(a) 


HEPES. Bb SHB BERIa 


BEEBE Bas DVS 


ET! PCB SERVICE 


In order to ensure that you get the correct board, you must sp the reference code when ordering, 
c 


The code can also be used to identify the year and month in whi d: th 
two numbers are the year, the third and fourth are the month and the number after the hyphen indicates the 
particular project. 


a particular project appeared: the first 


Our terms are strictly cash with order — we do not accept official orders. However, we can provide a 


E/8107-1 System A disc input, 
IMANA/MG Teter rayerare eae ogee svasoyaxe 3.58 


O £/8107-2 System A preamplifier. ...7.10 
1982 
O E/8202-5 MM disc preamp......... 4.13 
QO E/8207-1 Microphone switching 
CNIS colores aivieicrarcteven to otaels 3.36 
QO E/8208-1 Playmate practice 
AMPLfIALEsyerccrcee sisters sere esIeTeS 7.45 
QO E/8209-1 Auto volume control ..... 3.59 
1983 


E/8301-2 ZX81/Spectrum ADC..... 3.87 
E/8305-1 Stereo compressor/ 

litmtite rgerectsrciy ee tetete le merostessrereisraere 8.83 
E/8305-3 Hi-fi power supply ....... 4.48 
E/8305-4 NDFL power amplifier. .. 10.32 
E/8305-5 Balanced input preamp... 3.68 


E/8306-1 PseudoROM............ B07, 
E/8307-1 Flash sequencer ......... 3.67 
E/8307-2 Flash Trigger............ 3.67 


E/8307-3 Infra-red transmitter .....2.21 
E/8308-1 ‘4rd octave graphic 


COUPE ain aeeneoode nc seaa ee 11.59 
E/8309-1 NiCad charger/ 

regenerator .......... srcearayatayeterss 3.77 
E/8310-2 Car Alarm ..........,6...3.99 
E/8310-3 Typewriter interface...... 4.11 
E/8311-1 Mini Drum Synth......... 3.85 


E/8311-8 JLLM MC disc preamp... .3.85 
E/8312-3 Finesse light chaser..... 12.48 


eo 
> 


E/8402-1 Speech Board 
Mini-Mynah ...............0085 11.47 
E/8402-2 MP (Modular Preamp) Disc 
INPUt (MOND) esissiie..cs ows sos 3.80 
E/8402-3 MP Output stage (stereo) 3.80 
E/8402-4 MP Relay/PSU........... 3.80 


£/8402-5 MP Tone, main (mono) ... 3.80 
E/8402-6 MP Tone, filter (stereo)... 3.80 
E/8402-7 MP Balanced output (st) .. . 3.80 
E/8402-8 MP Headphone amp (st)... . 3.80 


E/8402-9 MP Mother Board....... 11.64 
E/8403-1 Power Meter, stereo ..... 6.93 
E/8403-2 Z80 DRAM............. 10.24 


E/8404/2 Mains Borne RC revr..... 3.80 


ODOOOCOR0COCOODVO000000D000D0000000000000 


DOOOo0O0o0o0o0D 


* PCB available from another source. See the original article for details. 


How to order: indicate the boards required by ticking the 
boxes and send this page, together with your payment, to: 
ASP Readers’ Services, PO Box 35, Wolsey House, Wolsey 
Road, Hemel Hempstead, Hertfordshire HP2 4SS, tel 


E/8405-1 Auto Light Switch........ 4.11 
E/8405-2 ZX81 EPROM Prog ...... 11.00 
E/8405-3 Mains Borne RC xmtr..... 5.70 


E/8405-4 Centronics Interface ..... 4.06 
E/8405-5 Vario ................00 7.95 
E/8405-6 Midi Drum Synth......... 3.63 
E/8406-1 Oric EPROM Bd........ 20.47 
E/8406-2 Spectrum Joystick ....... 3.52 
E/8407-1 Warlock Alarm .......... 9.45 
E/8408-1 Joystick Interface........ 3.96 
E/8408-2 EPROM Emulator....... 12.42 
E/8408-3 Infrared Transmitter...... 3.96 
E/8408-4 Infrared Receiver ........ 3.96 
E/8409-1 EX42 Kybd Interface ..... 3.93 
E/8409-3 Dry Cell Charger......... 2.82 
E/8410-1 Echo Unit ........:...... 3.95 
E/8410-2 Digital Cassette......... 10.25 
E/8410-3 Disco/Party Strobe....... 5.31 


E/8411-1 AM/FM Radio (4 bds) ... 14.61 
E/8411-2 Control Port-controlbd ... 12.70 
E/8411-3 Control Port-I/O bd...... 6.62 
E/8411-4 Capacitance Meter....... 3.68 
E/8411-5 Video Vandal (3 bds).... 12.44 
E/8411-6 Temperature Controller... 3.02 
E/8411-7 Mains Failure Alarm...... 2.63 
E/8411-8 Knite Light .............. 3.96 
E/8411-9 Stage Lighting Interface .. .3.74 
E/8411-10 Perpetual Pendulum .... 3.38 
E/8412-1 Spectrum Centronics..... 3.57 
E/8412-2 Experimenter’s DRAM. .. 14.72 
E/8412-3 Active-8: Motherboard. .. 12.22 
E/8412-4 Active-8: Protection Unit ... 3.69 


E/8412-5 Active-8: Crossover ...... 3.69 
E/8412-6 Active-8: LFEQ.......... 3.69 
E/8412-7 Active-8: Equaliser ....... 3.69 
E/8412-8 Active-8: Delay Unit...... 3.69 
1985 

E/8501-1 Active Bass speaker ...... 2.82 
E/8501-2 DRAM Card Update...... 3.61 


E/8501-3 Digital Delay (2 bds) .... 27.18 
E/8502-1 Digital Delay Expander... 11.28 


E/8502-2 Data Logger............. 6.21 © 


E/8503-1 Combo preamplifier...... 4.74 
E/8503-2 THD metermV&osc. bds... 7.41 
E/8503-3 THD meter mains PSU ... 3.63 
E/8503-4 THD meterbatteryPSU ...1.59 
E/8503-5 ParaGraph Equaliser 
IP/MSP & OP/PSU bds......... 10.42 


pro-forma invoice for you to raise a cheque against, but we must stress that the goods will not be 
dispatched until after we receive payment. 


O £/8503-6 ParaGraph Equaliser 

filter Bd 256 comes eh ie yc sre 4.93 
O £/8504-1 Framestore Memory .... 12.05 
O £/8504-2 Framestore ADC/DAC.... 6.21 
O £E/8504-3-Framestore Control..... 17.26 
O £/8504-4 Buzby Meter............. 3.56 
O £/8504-5 CCD Delay......... oeeee 382 
O £/8505-1 6802 board........... Po ate eee 
O E/8505-2 EPROM prog. update .... 5.28 
0 £E/8505-3 Scoreboard controller, 

PSU and opto-isolator bds....... POA 
QO £/8505-4 Scoreboard digital driver .. . 4.27 
0 £/8505-5 Stereo Simulator......... 3.64 
O £/8506-1 Audio mixer main bd..... 6.40 
O £/8506-2 Audio mixer PSU bd...... 3.98 
O £/8506-3 Audio mixer RIAA bd..... 2.62 
O E/8506-4 Audio mixer tone ctrl..... 2.85 
O £/8506-5 EPROM Prog MkIl...... 14.90 
O £/8507-1 Noise Gate.......... tise Dee 
O £/8508-1 RCL Bridge............. 12.25 
O E/8508-2 EX42/BBC Interface...... 3.25 
O E/8508-3 EPROM Emulator........ POA 
QO £/8509-2 Direct Injection Box...... 2.90 
O E/8509-1 SpectROM.............. POA 
O £/8510-7 Sorcerer Boards......... POA 
O  £/8510-9 Sunrise Light Brightener... 6.61 
O £E/8510-8 MTE Power Supply...... 17.60 
O £/8511-1 MTE Waveform Generator 4.83 
O £/8511-2 Millifarodometer......... 4.69 
O £/8511-3 Cymbal Synth............ 6.04 
O E/8511-4 Memory Scope......... 10.65 
O £/8511-5 Chorus Effect............ 5.16 
O &/8511-6 Rhythm Chip ............... * 
O £/8511-7 Enlarger Exposure Meter ... 3.86 
QO E/8511-8 Switching Regulator...... 3.75 
O_ E/8511-9 Second Line Of Defence... 9.94 
O E/8512-1 Specdrum Connector........ is 
O £/8512-2 MTE Pulse Generator..... 6.62 
O £/8512-3 Specdrum................06 ; 
O E/8512-4 Di Compression Gate ....... 
1986 
QO E/8601-1 Autowipe.................+. . 
O £/8601-2 Walkmate............... POA 
O £/8601-3 MTE Counter/timer...... POA 
QO E/8602-1 Digibarot.............. 11.80 
) E/8603-1) Free PGB.a.g «.. 2... ate = 
O £E/8603-2 Programmable logic bd...5.52 
O £E/8603-3 Sound Sampler Analogue 


Dae aiscle ale el sisloh @ ele/o\eis 2c ee POA 


+ Several boards supplied as one. Purchaser must separate. 


0442-41221.Paymentin sterlingonly 
please. Prices subject to change with- 
out notice. 


PLEASE ALLOW 


28 DAYS FOR 
DELIVERY 


Total for boards pe tae a 
Add 50p p&p 
Total enclosed £4 crime 


56 : ETI MARCH 1986 


291901 WOuda 


auvog NOILYNIVAd 


ETi MARCH 1986 


ra 


The foil watiern for th 


e programmable logic 


The foil pattern for the free PCB, just in case. 


you want to make up some extra ones! The 
board will not be available through our PCB 
Service, but we have had a quantity made up 
and these will be available until stocks are 
exhausted from Argus Readers’ Services at 
the address given on the PCB Service page. 
The cost will be £1.00 each and cheques, 
postal orders, etc should be made payable to 
ASP Limited. Please enclose a stamped, self- 
addressed envelope. 
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SERVICE SHEET 


eo ¢@ 
Enquiries 
We receivea very largenumber of enquiries. Would 
prospective enquirers please note the following 
points: 
®@ We undertake to do our best to answer en- 
quiries relating to difficulties with ETI projects, in 
particular non-working projects, difficulties in ob- 
taining components, and errors that you think we 
may have made. We do not have the resources to 
adapt or design projects for readers (other than for 
publication), nor can we predict the outcome if our 
projects are used beyond their specifications; 
® Wherea project has apparently been construc- 
ted correctly but does not work, we will needa des- 
cription of its behaviour and some sensible test 
readings and drawings of oscillograms if approp- 
riate. With a bit of luck, by taking these measure- 
ments you'll discover what's wrong yourself. Please 
do not send us any hardware (except as a gift!); 
® Other than through our letters page, Read/ 
Write, wewill not reply to enquiries relating to other 
types of article in ETI. We may make some excep- 
tions where the enquiry is very straightforward or 
where it is important to electronics as a whole; 
© Wereceivea large number of letters asking if we 
have published projects for particular items of 
equipment. Whilst some of these can be answered 
simply and quickly, others would seem to demand 
the compiling of along and detailed list of past pro- 
jects, To help both you and us, we have made a full 
index of past ET! projects and features available 
(see under Backnumbers, below) and we trust that, 
wherever possible, readers will-refer to this before 
getting in touch with us. 
© We will not reply to queries that are not accom- 
panied by a stamped addressed envelope (or inter- 
national reply coupon). We are not able to answer 
queries over the telephone. We try to answer 
promptly, but we receive so many enquiries that 
this cannot be guaranteed. 
® Be briefand tothe pointin your enquiries. Much 
as we enjoy reading your opinions on world affairs, 
the state of the electronics industry, and so on, it 
doesn’t help our already overloaded enquiries ser- 
vice to have to plough through several pages to find 
exactly what information you want 


Subscriptions 


The prices of ETI subscriptions are as follows: 
UK: £18:10 
£22.50 Surface Mail 
$29.50 Surface Mail (USA) 
£49.50 Air Mail 
Send your order and money to: ETI Subscriptions 
Department, Infonet Ltd, Times House, 179 The 
Marlowes, Hemel Hempstead, Hertfordshire, HP1 
1BB (cheques should be made payable to ASP Ltd). 
Note that we run special offers on subscriptions 
from time to time (though usually only for UK sub- 
scriptions, sorry). 

ETI should be available through newsagents, and 
if readers have difficulty in obtaining issues, we'd 
like to hear about it. 


Backnumbers 


Backnumbers of ET! are held for one year only from 
the date of issue. The cost of each is the current 
cover price of ETI plus 50p, and orders should be 
sent to: ETI Backnumbers Department, Infonet Ltd, 
Times House, 179 The Marlowes, Hemel Hemp- 
stead, Hertfordshire HP1 1BB. Cheques, postal 
orders, etc should be made payable to ASP Ltd. We 
suggest that you telephone first to make sure there 
are still stocks of the issue you require: the number 
is (0442) 48432. Please allow 28 days for delivery. 

We would normally expect to have ample stocks 
of each of the last twelve issues, but obviously, we 
cannot guarantee this. Where a backnumber pro- 
ves tobe unavailable, or where the issue you require 
appeared more than a year ago, photocopies of 


Overseas: 
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individual articles can be ordered instead. These 
cost £1.50 (UK or overseas surface mail), irrespec 
tive of article length, but note that where an arti 
cle appeared in several parts each part will be 
charged as one article. Your request should state 
clearly the title of the article you require and the 
monthand year in which itappeared. Where anarti- 
cle appeared in several parts you should list these 
individually. An index listing projects only from 
1972 to September 1984 was published in the 


October 1984 issue and can be ordered inthe same” 


way as any other photocopy. If youare interested in 
features as well as projects you will have to order an 
index covering the period you require only. A full 
index for the period from 1972 to March 1977 was 
published in the April 1977 issue, an index for April 
1977 through to the end of 1978 was published in 
the December 1978 issue, the index for 1979 was 
published in January 1980, the 1980/81 index in 
January 1982, the 1982 index in December 1982, 
the 1983 index in January 1984, the 1984 index in 
January 1985 and the 1985 index in December 


_ 1985. Photocopies should be ordered from: ETI 


Photocopies, Argus Specialist Publications Ltd, 1 


Golden Square, London W1R 3AB. Cheques, postal” 


orders, etc should be made payable to ASP Ltd. 


Write For ETI 


We are always looking for new contributors to the 
magazine, and we pay a competitive page rate. If 
you have built a project or you would like to write a 
feature onatopicthat would interest ET! readers, let 
us have a description of your proposal, and we'll get 
back to you to say whether or not we're interested 
and give you all the boring details. (Don’t forget to 
give us your telephone number). 


Trouble With Advertisers 


So far as we know, all our advertisers work hard to 
Provide a good service to our:readers. However, 
problems can occur, and in this event you should: 
1. Write tothe supplier, stating your complaintand 
asking fora reply. Quote any reference number you 
may have (in the case of unsatisfactory or incom- 
plete fulfilment of an order) and give full details of 
the order you sent and when you sent it. 

2: Keep a copy of all correspondence. 

3. Check your bank statement to see if the cheque 
you sent has been cashed. 

4. If you don't receive a satisfactory reply from the 
supplierwithin, say, two weeks, writeagain, sending 
your letter recorded delivery, or telephone, and ask 
what they are doing about your complaint. 

If you exhaust the above procedure and still do 
not obtaina satisfactory response from the supplier, 
then please drop us a line. We are not able tovhelp 
directly, because basically the dispute is between 
you and the supplier, buta letter from us can some- 
times help to get the matter sorted out. But please, 
don’t write to us until you have taken all reasonable 
steps yourself to sort out the problem. 

We are a member of the mail order protection 
scheme, and this means that, subject to certain con- 
ditions, if a supplier goes bankrupt or into liquida- 
tion between cashing your cheque and supplying 
the goods for which you have paid, then it may be 
possible for you to obtain compensation. From time 
to time, we publish details of the scheme near our 
classified ads, and you should look there for 
further details. 


OOPS! 


‘Corrections to projects are listed below and normally 


appear for several months. Large corrections are 
published just once, after which a note will beinser- 
ted to say that a correction exists and that copies 
can be obtained by sending in an SAE. 


& 

Single Board Controller (March 1985) 

There were anumber oferrorsin the parts list. RP2 is 
listed as a 10k SIL pack but is actually four separate 
resistors, and the same applies to RP3. RP4 is also 
listed as a SIL pack but should consist of seven com- 
moned resistors. R13 is always required, not just 
when a Cassette interface is used as stated. 


The Real Components (May 1985) 

In Fig. 1 on page 20, the connections for the Texas L 
and 2N transistors are incorrectly shown, They 
should read B, C and E from the top. 


Heat Pen (June 1985) 

The instruction in the penultimate paragraph on 
page 49 should read”... adjust RV2 for 2.73V...”, 
not 2.37V as stated. 


Low Cost Audio Mixer (June 1985) 

In Fig. 6 on page 39, the PCB foil pattern has been 
incorrectly shown as though from the copper side. 
The board is shown correctly from tte copper side 
in the foil pattern pages. In Fig. 10 on page 40, the 
positive power rail at lower left should be shown 
connected to pin 8 of the TLO72s, IC1-5). 


Noise About Noise (July 1985) 

In Fig. 5 on page 24, noconnection should be shown 
between the cathode of the diode and the negative 
side of the 470u capacitor. 


Printer Buffer (July 1985) 

The case specified is actually:larger than the one 
used for the prototype. It will, of course, work per- 
fectly well, but if you want to a compact unit use a 
Verocase 202-21038H (180 x 120 x 65mm) rather 
than a Verocase 202-21035. The regulator 1C17 
should be bolted to the back of the case to provide 
heatsinking or, alternatively, fitted with a T0220 
heatsink. ; 

Please note that the designer, Nick Sawyer, has 
beenin touch to inform us that the refresh problem 
we mentioned in September ETI is dealt with in 
the printer buffer software. In this case there is no 
need to replace the TMS 4416 dynamic RAMs, 
although as far as we know the replacement parts 
mentioned (Hitachi HM48416 DRAMs) will cause 
no problems. The full text of Nick Sawyer’s letter 
will appear next month. Meanwhile, our apologies 
for any confusion caused. 


Cortex Parallel |/O (September 1985) 

Pins 1 and2 of |C2 have been swopped overon both 
the circuit diagram (Fig. 1) and the Veroboard overlay 
(Fig. 2). Pin 1 should connectto pin 16 ontheheader 
and pin 2 should connect to pin 2 on the header. 


Intel 8294 Data Encryption Unit (September 1985) 
Itshould be apparent from the text, page 35, thatan 
actual program has been omitted. This program is 
for use with the SDK 8085 kit only, and copies may 
be obtained from us on receipt of a stamped 


» addressed envelope. 


Tech Tips — Novel Input Stage (October 1985) 
The caption against the lower figure should read 
“Low noise outputatminimum gain”, notmaximum 
gain. 

Chorus Unit (November 1985) 

IC3 is shown on the circuit diagram on page 49 
connected tothe 9V supply. Itshould beconnected . 
tothe5Vsupply. Thefoil pattern connections to this 
IC are correct. 

Foil Patterns (November 1985) 

The foil patterns for the Modular Test Equipment 
Waveform Generator and the Chorus Unit are 
shown from the component side rather than the 
copper side. 
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REVIEWS — QL BOOKS 


Introduction to SuperBASIC on the Sinclair QL 


Price: £6.95 


Advanced Programming with the Sinclair QL 


Price: £6.95 


Hutchinson and Co. Ltd., 17-21 Conway Street, 


London W1P 6JD 


QL COMPUTING 
lan Sinclair. Price £5.95 


Granada Publishing Ltd., 8 Grafton Street, London 


W1X 3LA. 


With the Sinclair QL now selling 
(or, maybe, attracting dust) at 
£199, it seems a good time to 
look at some of the titles avail- 
able for that machine. 
Hutchinson — like a number of 
other more-or-less foolhardy 
publishers — are in the throes 
of a QL series. The latest two 
additions add texts on Sinclair 
‘SuperBASIC’ and ‘Advanced 
Programming’ to a list already 
featuring an introduction to the 
computer and books on word- 
processing and desk-top 
computing. 

The SuperBASIC title contains 
all the usual ingredients, with 
chapters on topics ranging from 
how to plug the QL in to all the 


wonderful intricacies of pro- 
cedure structuring and the like. 
Appendices deal with Super- 
BASIC keywords and computing 
terms. 


All QLear? 


The layout is clear and the 
text fairly readable, Simple exer- 
cises are included at the ends of 
most chapters, but there isn’t 
anything outstanding to merit 
recommendation over many 
other books in the same vein — 
especially since the manual — 
although: bad in many ways — 
will probably serve for most 
would -be QL users. 

‘Advanced Programming .. ’ 


should not be regarded as a 
sequel to the previous book. In 
fact, the contents aren't so 
much’ advanced when com- 
pared to that book as just 
different. 

Aimed at those people whom 
the author euphemistically 
calls ‘practical’ users, the book 
reminds me very much of books 
published around a decade ago 
with such unassuming titles as 
‘Computer Programming Made 
Really Easy which then proceed 
to be as stodgy as a bowl of cold 
custard, In this case, ‘advanced’ 
seems to be a synonym for 
monotonous. 

On the credit side, the last 
chapter contains some simple 
business and _ statistical pro- 
grams which may be of some 
interest. 

‘QL Computing’ by the 
redoubtable lan Sinclair is yet 
another beginners’ guide to 
SuperBASIC in an already 
flooded market. Much of the 
book is the usual standard fare 
we have come to expect from 
lan Sinclair's | word-processor 
and is, as a result, no better than 
the manual. The main body of 
the book, however, departs 
from the manual style of pre- 
sentatidn in which keyword 
functions are summarized in 
alphabetical order, It is arranged 


examples of usage and simple 
demonstrative programs to type 
in and experiment with. Conse- 
quently, the book has some 
degree of continuity and is 
more effective at teaching the 
rudiments of SuperBASIC than a 
manual style book, which may 
be useful for reference at a later 
stage. 


In ConQLusion 


All the QU’s assets are dealt 
with in this relatively com- 
prehensive publication, includ- 
ing _ micro-drives, _ effective 
grepiies and the usually neglec- 
te sound producing 
capabilities of the QL. If you are 
bemused by BASIC or just con- 
fused by computer, you could 
do a lot worse than buy ‘QL 
Computing’. 

None of the books dealt with 
have anything significant to say 
about the 68008 MPU at the 
heart of the QL. For electronics 
buffs, the presence of a 68008 
(a 68000-series device with an 
8-bit rather than a 16-bit data 
bus) is the most interesting fact 
about the QL. Next month, | 
hope to look at some books 
dealing specifically with 
machine code programming 
and assembly for the QL and, by 
extension, for 68000-family 
devices as a whole. 

Leigh Chappell 


CROSSWORD 


No. 2 Solution next.month 


in a prosaic fashion, with 
ACROSS 
WD scwes ..... trigger, a circuit 


with hysteresis (7). 

7) The smallest dot a micro 
can define on its monitor (5). 

8) Another term for a monost- 
able (3, 4) 

9) Transducer found on an 
electric guitar or record player, 
for example (4, 2). . 
11) Bidirectional 
trolled switch (5). 
13) BASIC command, ‘followed 
by a sequence of numbers or 
Strings (4). 

14) Something. metals do in 

adverse conditions (7). 


silicon con- 


15) Type of aerial, based on a | 


sphere with a focussed detector 
(4). 

16) The opposite of cut (5). 

17) ratio, the ratio of 
the heighth of a display to its 
width (6). 

21) Moving from channel to 
channel in a stereo image (7). 
22) A soldered connection (5). 
23) This is essential for radio 
transmission, according to the 
Department of Trade and Indus- 
try! (7). 


DOWN 


2) The industry standard 
parallel printer connection (10). 

3) Difference in impedance 
between an input and an output, 
leading to signal losses. (8). 

4) Hand-held or other utensil 
such as a screwdriver, soldering 
iron, spariner, etc. (4). 

5) Better quality audio equip- 
ment (2, 2) 

6) BASIC command (4). 

9) IBM’s disc operating system 
1,4) 4, 1): 

10). Above the upper frequency 
limit of human hearing (10). 

12) Movement away from a 
desired operating point, usually 
associated with temperature 
changes (5). 

13) To remove contact oscilla- 
tions from a switched line (8). 
18) Non-reuseable, non-volatile 
memory (1, 1, 1, 1). 

19) Central part of a _ loud- 
speaker on which the coil is 
mounted (4). 

20) The most popular type of 


’ television aerial, comprising a 


half-wave dipole with parasitic 
directors in front and behind (4). 


Solution to Crossword No. 1. 


Across: 


1) ELSE 
3) Transmit 
8) Eject 
10) Monitor 
11) TDK 
12) Integer 
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15) EPROMs 
Decade 
19) Sprites 
20) DFM 
Dropper 
Drain 
Electron 
Bell 


Down: 

1) Electret 
2) Speaker 
4) Remote 
5) NPN 
6), Meter 
7) Turn 


9) Trimmer 
13) Greased 
14) Terminal 
17) AND gate 
18) stereo 
19) ‘Scope 
21) Edge 
23) Pot 
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SCRATCHPAD 
by Flea-Byte 


I suppose, with great regret, that 
1986 will become the year of Star 
Wars. Regret for a number of 
reasons. The first is in some ways 
the most profound — and thatisa 
deep disturbance at the way 
Hollywood fantasies can be and 
have been co-opted by the real 
power-brokers in Washington 
and Moscow. 

The public image of the latest 
American mega-plan to keep the 
world safe for democracy, apple- 
pie and Mickey Mouse comes 
Straight out of James Bond 
movies and, of course, the Luke 
Skywalker saga. Actually, the Star 
Wars plan is known officially as 
the Strategic Defense Initiative 
(SDI), only | can’t help but think 
that when an ageing Hollywood 
actor masquerading as President 
of the United States charac 
terisesadefence policyasthough 
it was being produced by a 
special effects department, then 
things have got out of hand. 

The core idea behind SDI is, of 
course, to use nuclear powered 
laser and pulse-beam weapons 
directed from earth-orbit at the 
missiles and missile installations 
of hostile foreign powers, That 
such weapons could just as easily 
be directed at civil nuclear 
installations, city centre sky- 
scrapers, factories, schools and 
hospitals seems to have been 
overlooked by most commen- 
tators, Even fewer people seem 
to have taken the trouble to ask 
whether such weapons are feas- 
ible or, more importantly, 
whether the idea of controlling 
them with super intelligent com- 
putersystems viaasuper-fastand 
secure communications network 
is anything more than a script- 
writer's dream. 

Everybody knows the diasters 
and mistakes that can and do 
plague quite simple exercises in 
satellite deployment and space 
transport. The space shuttle is 
routinely required to deal with 
rogue satellites, and the shuttle 
itself has very nearly come to grief 
on more than one occasion (most 
notably in its early days when 
heat deflecting panels kept fall- 
ing off because of the glue used to 
attach them). And yet the advo- 
cates of Star Wars are preparing, 
so they say, torisk millions of lives 
to the protection of such imper- 
fect technology. 


xk we * 

The kind of thinking that 
suggests these people may be as 
far out to lunch as their satellites 
are out in space is best illustrated 
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by the now-classic tale of the 
quest for a zero-gravity writing 
instrument. The problem was 
that even the most sophisticated 
capilliary action pens don’t work 
in zero-gravity conditions. The 
ink blots, doesn’t run freely or 
fails to adhere to the writing 
surface. NASA's best minds were 
put on to the job of coming up 
with a new kind of writing imple- 
mentthat would allowastronauts 
to take notes and jot down read- 
ings in space with 100% relia 
bility. Ittook them months before 
they came up with the humble 
pencil. 

The fact is that much of the 
time, the scientists and tech- 
nologists live in a kind of fantasy 
world of gleaming machines and 


simple minds — well-ordered, 
well-behaved and well- 
intentioned. That's okay, 
because occasionally the 


machines do gleam and the 
minds are simple and then every- 
thing goes according to plan. The 
problems arise when dirty and 
complex reality intrudes. 

Now, politicians are supposed 
to inhabit this real world. Politics, 
someone once said, is the art of 
the possible. So when politicians 
slip into improbable fantasies it’s 
time to worry. None of this is to 
say that Star Wars couldn't work. 
It may do, but ‘may isn’t good 
enough. The people who claim to 
protect us from megalomaniac 
excesses and totalitarian 
paranoia have slipped, with no 
apparent effort, into megalo- 
maniaand paranoia. Surely that’s 
what has happened when a film 
actor promotes a movie scenario 
as the policy of his government 
and heads of other governments 
across the world actually listen to 
him. The worst thing, of course, is 
that many ordinary citizens with 
no power at all find the Star Wars 
idea convincing — presumably 
because they've seen it at the 
movies or on their TV screens 
already. 


Kings Of The High Frontier 
The Star Wars concept is a 


direct descendant of a notion 
called ‘The High Frontier’, 
developed in the seventies by a 
group of right-wing thinkers in 
the US who, I’m told, still operate 
today. The High Frontier is, of 
course, the modern equivalent of 
the old American frontier — the 
Wild West. By analogy, life in the 
High Frontier will be brutal and 
violent and any latter-day Indians 
who get in the way had better 
watch out, 

The old frontief, in case you'd 
forgotten, was merely another 
way of talking about the expan- 
sion and conquests of the original 
Union — the 13 Eastern states 
who broke with British rule in 


1776. The white settlers of these 
states moved westwards at the 
point of a gun, taking land from 
the American Indians and 
attempting genocide on the way, 
(In this attempt they were very 
nearly successful.) They didn’t 
use lasers, of course, but they did 
use a revolver known as the 
Colt Peacemaker. 

Perhaps the movie Ronald 
Reagan thinks he’s in is not a 
science fiction epic at all, but an 
old-fashioned western. 


Resigned To Their Fate 
I was Interested to read of the 


resignation of Richard Ennals 
from his post as Alvey research 
manager at Imperial College. The 
Alvey project — under the 
auspices of which government 
funds are being distributed to 
academic and research institu- 
tions — is Britain’s response to 
the Japanese programme to 
develop a_ ‘fifth-generation 
computer. 

Ennal’s resignation followed 
Margaret Thatcher's reply toalet- 
ter from Imperial College com- 
puter scientists asking her not to 
participate in SDI. Thatcher pro- 
mptly declared her unswerving 
commitment to Ronald Reagan 
and all his works, The price of her 
commitment was high — a paton 
the head, in return for which Bri- 
tain will hand over to the US the 
results of all its research in areas 
related to SDI. Some crafty 
negotiating here! 

Interestingly, the Imperial let- 
ter followed a visit to the college 
by executives from the American 
congomerate, United Tech- 
nologies (they own Mostek), who 
were interested in getting their 
mits on computing and Al work 
from the college for use in their 
SDI work. Ennals’ comment was 
that the Imperial research ‘ain't 
for sale’. 

It would appear, however, that 
Ennals’ feelings and those of his 
team do not count for much, Not 
only are-we selling-off the family 
silver (as Lord Stockton put it), 
but we're selling off the family 
silicon, too, 

Heriot-Watt University has 
eagerly exchanged its expertise 
in opto-electronics for what 
appears to be a mess of potage. 
Imperial itself, along with 
Manchester —_ University, is 
engaged in the biggest single 
computer development project 
in Britain, in collaboration with 
Plessey and ICL and with funding 
from Alvey. The Flagship project 
is a three-year research pro- 
gramme aiming at developing a 
parallel-processing | computer 
based on experimental machines 
already installed at Imperial and 
Manchester. Researchers at both 
institutions have sought a formal 


agreement from Plessey and ICL 
that their work will not be put to 
military use. No such agreement 
has been forthcoming, and there 
is clearly consternation that 
Flagship is destined for a part in 
SDI. 


x* wk * 


So far, Richard Ennals’ hasbeen 
the only resignation stemming 
from worries over Britain's 
attitude to SDI. However, feeling 
against the military use of high 
tech research is very strong 
among many academics. 
Meanwhile, United = Tech- 
nologies — in the shape of their 
helocopter company, Sikorsky — 
are set to snap up Westland 
Helicopters, another piece in the 
British technological jigsaw. If 
they do so, it will — ironically — 
be in the face of determined oppo- 
sition from former Defence Minis- 
ter, Michael Heseltine, who now 
finds himself an uneasy bed- 
fellow in Richard Ennals, son of a 
former Labour minister. 

It may be that Heseltine knows 
more about SDI and its impact on 
British high technology industry 
than heissayingat the moment. It 
is certainly the case that Reagan’s 
defence policy is causing havoc 
among the very nations it is 
supposed to aid and assist. To 
paraphrase that national hero, 
the Duke of Wellington: | don’t 
know if it frightens the Russians, 
but by God it frightens me! 


PLAYBACK 


‘CD or not CD, that is the ques- 
tion, whether ‘tis nobler in the 
mind to suffer the slings and 
arrows of outrageous price-rises 
...', There can be no doubt now 
that the compact disc is firmly 
established as the hi-fi audio 
record format. The market for 
players trebled last year(1985) to 
530 million, and forecasts for this 
yearareat leastas high. Thousands 
of titles are listed on CD, of all 
types of music. 

Virtually noise- and crackle-free 
and with minimal distortion, the 
medium has caught on in a bi 
way. So, the writing is on the wall 
forthe familiar vinyl LP. Nimbus is 
ceasing to manufacture its own 
label LPs, while itinstalls asecond 
CD pressing plant at Monmouth 
to increase its present capacity 
from six to 15 million discs. 
Undoubtedly, other LP manufac- 
turers will follow suit before 
lone 
This will.be the fourth major 
format change in the history of 
the gramophone. First the ori- 
ginal cylinders gave way to shellac 
78s. ThencamethemonoLPfrom 
which we progressed tothe stereo 
45/45 grooved disc. And now to 
CD, the biggest change of them 
all. The stereo disc served us well 
for some thirty years, but few will 
bemoan the passing of scratches, 
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OPEN ally the only provider of the PTTs realise they cannot cope bodies'in each country (interes- 


services inanyonecountry(such with the increased demands of ted in such things as electrical 
CHAN N E L isthe powerofamonopoly),what the user and regulations are Safety and electromagnetic inter- 


theywantedwasmostoftengran- _ altered to de-monopolise them. ference) which proffer their 
ted or implemented without Hence, the birth of British Ownsetsof regulations. A service 
approval anyway. Telecom. Now customers (note Provider wishing to introduce, - 
Historically, the PTTs (postal, With such large, cumbersome the use of the word customers Say, a new modem, must have it 
telegraph and telephone com- organisations as the PTTs, time and not users) can have aphone approved by the safety regula- 
panies) around the world were was of little concern. They had __ installed within just a few days, tory body, the telephone regula- 
set up to ensure that a level of more-or-less the sole right to and, what's more, they-can buy it tory body, the electromagnetic 
standardisation was maintained. supply and take away servicesto too rather than having to rent, fegulatory body, etc, etc. Inmany 
Thus, any letter posted in one  orfrom the user (that is,theeand New digital services are being casesthe standards of each coun- 
country, correctly addressed of me) anditwasnotuncommonto provided. Without the mon. try’s regulatory organisations are 
course, would find its way tothe have to waitformonthsonendto_ . opoly, other organisations may different, sothewhole procedure 
addressee quickly and efficiently have a telephone line installed provide parallel services which ust be gone through again, at 
Any telegraph written would be after application. New grades of __rivaloreven better BT's. ThePTTs each new country where the 
delivered to the receiver prom- service and ‘new standards now have to compete'to.stay in Service is to be provided. 


ptly.Anytelephonecallwouldbe usually took years to be imple. existence. This all sounds too This _ situation must be 
instantly received. The PTTs of mented, if at all. After all, that’s good to be true. changed. Yes, regulations must 
each country were given a mon- what a monopoly is for, isn’t it? It is. Without monopolies the _ Still be there, but they must be 
opolising control of postal, tele- In the days of yore, thiswas of — whole telecommunications area "educedto the minimum needed 


graph and telephone services in little problem. Few new services _is muchimproved. Standards are, to protect the customer and the 
the land to make sure they had or standards appeared, anyway. _ without doubt, advised and  Sefvices, and they must be unified 
the power to enforce standar- Andiftoo many telephones were _ instated more rapidly now than _ $0 that approval covers all coun- 
disation. The GPO was the British — rented to users the whole system ever before. But new European _ tries. Preferably, one regulatory 
PTT, with complete control over would have to be updated, soit’s services still take a long time to body in each country should 
the services. better that users don’t have an appear because the regulations Maintain all regulations, be they 

Knowledgeable authorities efficient service, otherwise governing them are still based ofsafety, interference, telephone 
were set up, comprising rep- they'll. all want a phone, eh around the PTT’s monopolising Standards, or other categories. 
‘esentatives from member what? stranglehold. Ithasbeensaidthat Then the prospective provider of 
natiohs, designed to specify stan- Times change, however! New _ new European service providers NeW service would just need to 
dards: which the PTTs were services are desired by users. face a regulatory burden 100 apply to the regulatory body to 
advised to follow. So far as tele. Some want data comunication times greater than those in have theserviceapproved. Once 


communications is concerned, facilities; some want facsimile America: approved the service may be 
the CCITT (International Tele- communication; some evenwant The problem is thateach Euro- Marketed worldwide. 
graph and Telephone Consulta- » to be able to hold aconversation pean country has its own set of Afterall, this is surely the whole 


tive Committee) was, and still is, over the phone without having regulations which must be Purpose of having worldwide 
the main standards approving to shout overthe crackles, hisses adhered to if services are to be standards — without this capa- 
and advising authority. In effect, and pops (heaven forbid!).Even- sold in that country. Not only _ bility there is no point in having 
however, as the PTTsweregener- tually even the monopolising that, there are often anumber of Standards at all. Keith Brindley 


surface static, warps, chipped chamberwhich takes 40 minutes quote the bard once again. Disc- _ the format because of escalating 
styli, arm balancing and all the to completely evacuate. Poly. playerpriceshavebeentumbling disc prices, so they are sitting 
otherirritations thathaveaccom- Gram have developed a techni- __in spite of the complexity and ducks for the big rip off. 

panied it. que wherebyeach discistreated — minimal roduction savings of Take heart though. Think of all 
The compact disc is not con- in its own tiny cell, the vacuum —__ mass production. Theyhavefallen that over-production looming 
fined to audio. Laser video discs taking only four minutes to by 50% in the space of two years. over the horizion. CD will con. 


are well-established andarebeing achieve. This will greatly accel- On the other hand, disc prices— __ tinue to be upmarket for some 
developed in some haste as the _ erate disc production. which should have dived as a_ timetocomeas player costs can’t 
latest mass-storage medium for Nearerhome, ThornEMlisdue —_ result of mass production — have dip much more. We are unlikely 


computing, Recently, two huge to start pressing discs in Britain. climbed steeply, by up to 25% in to see a repeat of the 45-single, 
industrial giants, Philips and Du during March, the planned out- — some cases. Why? Steve Dowdie, portable record player boom with 
Pont, have-gone into partnership —_ put being tenmillion discsayear. Sony's hi-fi products manager, CD — although a few over-priced 
inanewventurecalled PhilipsDu — Another firm, Distec also has plans says, ‘CD is already more profit- CD portables have hit the streets, 
Pont Optical (PDO) to produce to starta plant this year. able than LPs and cassettes.’ So So, when those millions of excess 
and market CD ROM discs for The disc shortage caused by’ the manufacturers must be take discs hit the market, the tables 
storing computer information. the world-wide boom is therefore ing advantage of the boom to will turn — and they won't be just 
Philips, of course, introduced the likely to be soon turned into a make quick profits. Existing those of the CD players! 

laser video disc and (lest it be surplus. But here’s the rub, to. owners are unlikely to abandon Vivian Capel 
forgotten) the compact cassette. 


Pressing On | ALF’ S PU ZZ L E oe Bran tive and is pot worried. ‘There's no need to alter 


In manufacturing terms, CD the address lines,’ she said. ‘It will 
ROMs and audio CDs are identi- Towers the next morning, there workasitis.’ And without offering 
cal (like computer cassettes and was the completed PCB master, any explanation she dashed offto 
music cassettes), only the soft- | Alf is inclined to get so carried all finished. Except thatwhenwe an appointment with her 
wareis different. PDO planstoset away with his projects that he tested it, there were several mis- hairspring-dresser. ‘Well, if it will 
ee “ye lake ale a aalics often works late into the night, takes. The address lines from the — work with the address lines back 
witha capacity of 50 million discs | [ongafter the rest of us have gone = microto the RAM section wereall tofront, |don’tsuppose it matters 
a year. The associated PolyGram home. Although we admire his back tofrontsoA;; onthe micro about the data lines either,’ said 
factory in Europe is scheduled to | dedication, there are times when joined to Ay of the RAM address, _ Alf. ‘Let’s build it and see.’ 


increase production from 25 | the mistakes he makes by work- — Ay4 joined to A; , and soon. The Now we all know that when 
million to 50 ‘million, and the field ing on circuits when he is tired —_ dataline connections were mostly Auntie is in working order she is 
is wide open for growth. . Cause enough problems to keep —_ correct, butD;andD,hadsome- never wrong, but could she have 

te of the Pees ¥ disc | him working late for the next how been swapped over onthe blowna diode? Alf, on the other 
Hear ia. cane ME ae fortnight. way from the micro tothe RAM. hand, is almost always wrong since 
coating to the plastic base. It must One evening last week, we left We were cursing Alf loudly hemakes wild guesses aboutany- 


be doneinahigh vacuum. Atpre- | himhardat work tapinga printed § whenAuntie Static walkedin. We thing he’s not sure of. But could 
sent a small batch of discs are | circuit board for a'small micro- started to explain the problem to luck be with him this time? Did 
treated at a time in a vacuum processor board. The board con- her, but she didn’t seem at all the board work? ETI 
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Lineage: 


RS AND FARNELL 
COMPONENTS 


Ali RS Components/Farnell Components avail- 


able to order. Please write/phone stating re- 

quirements to: 

TRILOGIC, 29 Holme Lane, Bradford BD4 0QA. 
Tel; 0274-685926. 


CHEAP, CHEAP! 


Mail order only. 


Add £1 P&P. Send 20p + S.A.E. for price list. 


C. Bank, 9 Jubilee Rd., Porchester, Hants. 


NEW AND SURPLUS com- 
ponents in stock. Spectrum Radio 
& Electronics Ltd, 36 Slater St, 
Liverpool L1 4BX. Tel. 051-709 
4628. 


AIRLINK TRANSFORMERS 
manufacturer of Torodial and 
standard transformers. Phone 
Mike Dornan, Newmarket 0638 
662989 for details. 

Humpty Dumpty sat on the wall. 
Humpty Dumpty had a great fall 
when he saw MICROKIT’S com- 
ponent prices. See their display 
advertisement NOW in this copy. 


Humpty Dumpty sat on the wall. 
Humpty Dumpty had a great fall 
when he saw MICROKIT’S com- 
ponent prices. See their display 
advertisement NOW in this copy. 


- WANTED 


TURN YOUR SURPLUS tran- 
sistors, IC’s etc into cash. Contact 
Coles Harding & Co., 103 South 
Brink, Wisbech, Cambs. Tel: 0945 
584188. immediate settlement. 


PLANS ’N DESIGNS 


AMAZING ELECTRONIC pians, 
lasers, gas, ruby, light shows, high 
voltage tester, van de graph sur- 
veillance devices ultrasonics, 
pyrotechnics, new solar genera- 
tor, 150 more projects, catalogue. 
S.A.E. Plancentre, Old String 
meee Bye Street, Ledbury HR8 
A. 
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45p per word (minimum 15 words) 

| Semi Display: (minimum 2 cms) 
£11.00 per single column centimetre 
Ring for information on series bookings/discounts 
All advertisements in this section must be prepaid. 

| Advertisements are accepted subject to the terms and 
conditions printed on the advertisement rate card (available on request) 


ELECTRONICS TODAY INTERNATIONAL | 


A= 


£25.00 
£12.25 
£12.00 
£51.00 


Distortion Analyser Kit. 
Millivoltmeter Kit. 

Case and Panel for above 
ETI Mostet P.A. Kit. 
Audio Signal Gen. 


(02%) Kit. £28.50 


Audio Signat Gen. 
(.002%) Made 
Fixed Freq. Sig/Gen. 
(.002%) £14.00 
Case and Panel for above £9.50 
“Reg. P.S.U. 1.5/35 volts 
from £12.80 


£46.00 


S.A.E. for full information. 
TELERADIO ELECTRONICS 
325, Fore Street, London N9 OPE. Tel: 807 3719 


FM TRANSMITTERS. Same day 
despatch. MINIATURE MODEL 
frequency 60-145 Mhz; range 1 
mile. Glass fibre P.C.B. All com- 
ponents. Full instructions 9-12V 
operation, broadcast reception. 
Super sensitive microphone. Pick 
up on FM/VHS radio. £6.95 inc or 
ready built £8.95. Size 57 x 19 x 
12mm. HIGH POWER MODEL. 3 
watts 80-108 MHz. Professional 
broadcast performance. Low drift 
varicap controlled. Range up to 7 
miles. 12V operation. Any input 
audio/microphone. All compon- 
ents P.C.B. diagrams and instruc- 
tions. Size 103 x 30 x29mm. Kit 
£13.99 inc or ready built: £18.99. 
TONE GENERATOR: 3- 
selectable functions, PIP, Warble 
and pulse tone: All components, 
instructions & P.C.B.; feed into any 
audio input or transmitter; variable 
frequency and gating controls. 6- 
12V operation 53 x 38 x 14mm. 
£5.50 incl. TONE GENERATOR 
POWER AMPLIFIER. All 
components, instructions and 
P.C.B. Turns tone generator into a 
high power siren for alarms, 18 
watts max. At 12-57V. 62 x 38 x 
14mm £7.00 inclusive. ZENITH 
ELECTRONICS. 21 Station Road 


Industrial Estate, Hailsham, E. 
Sussex BN27 2EW. 
ELECTRONIC ORGAN KEY- 


BOARDS and other parts being 
cleared out. Special Offer: Elvins 
Electronic Musical Instruments, 
40A Dalston Lane, London E8. 


ETi KITS assembled and tested* 
by electronic trainees under 
supervision within a purpose built 
electronic workshop for as little as 
£10* (* depending on type of kit 
and complexity). Contacti- AJ. 
Smith, Dept K.A. Electronics 
Workshop, Lincoln |.T.E.C. Dean 
Road, Lincoln LN2 4JZ. Tel. 0522 
43532. 


Send your requirements to: 
y) Stuart Taylor 

ASP Ltd., 

1 Golden Square, 

London W1. 


_ NICADS 


AA/HP7 Rechargeable Cells 
4 for £2.30 or 10 for only £5! 
(ex. equip. tested’ & quaranteed) 
Universal Nicad Charger £8 


with battery test facility and LED 
indicators for any combination PP3, AA, 
C&D cells 


Above prices inclusive of p&p — goods 
sent by return 


Croydon Discount 
Electronics (E) 


40 Lower Addiscombe Rd. 
Croydon CRO 6AA 


100W AMPLIFIER — £9.95 built 
or use the same board for 50W, 
150W, 200W into 4 or 8 ohms, etc., 
by using alternative output trans- 
istors and P.S.U. S.A.E. for full 
details to:- ESS Amplification, 269 
Hessle Road, Hull. 


CORTEX £140 ono RS232 E-Bus. 
Switchable Forth/Basic. All IC 
Bases. Perfect order. Deliver 
reasonable distance. 036 283 
8110. (Norfolk). 


EVERYDAY ELECTRONICS, 
Hobby, TV, electronics and radio 
magazines for sale. Very cheap. 
Ring after 7pm for details 01 853 
0946. 


100 WATT FET’ POWERAMPS 
£10. Automatic relay protection - 
mirror input & delayed switch-on. 
Glass/PCB built. KIA, 8 Cunliffe 
Rd, likley. Free slider/V.C. 


CORTEX BUILT working £170 
all chips for disc, RS232, E BUS 
except 74L 52001. Tel: 0935 
72413 after 6pm. 


TEKTRONIC OSCILLOSCOPES. 
556 dual beam four trace 50MHz 
delay sweep £375. 546 dual trace 
50MHz delay sweep £175. 551 
dual beam eight trace 19MHz 
£165. 581A dual trace 85MHZ 
£155. 545B dual trace 24MHz 
delay sweep £135. Storage oscil- 
loscopes, . semiconductor curve 
tracers, manuals, plug-ins, spares. 
Tel. (01) 868 4221. 


CLASSIFIED 


01-437 0699 Ext 291 


JBA ELECTRONICS 
Specialists in manufacture and 
design of: 

Microprocessor, Telemetry, and 


Audio-based systems. 
UNIT 9, 
BRECON INDUSTRIAL ESTATE, 
BRECON, POWYS, S. WALES 
Tel: (0874) 2563 


FREE PROTOTYPE of the finest 
quality with every P.C.B. artwork 
designed by us. Competitive hourly 
rates, and high standard of work. 
Halstead Designs Limited, 
Finsbury House, 31 Head St, 
Halstead, Essex C09 2BX. 


TECHNICAL AUTHORS, illus- 
trators M.O.D. IC designers Soft- 
ware - Fortran Pascal, CNC (APT), 
cen Languages (0903) 501 


REPAIRS 


ZX SPECTRUM. VIC20, C64, 
BBC, QL 15 40/41 Commodore 
computers, prints and floppy discs. 
Send faulty machine to: Trident 
Enterprises Ltd., Unit 7, Wentworth 
Industrial Court, Goodwin Road, 
Britwell, Slough. Tel: 0753 21391. 


. TEST EQUIP. 


TOP PRICES PAID for surplus 
electronic test equipment. Always 
a good selection of BIG-GEN 
METERS and SCORES for sale. 
Phone (0438) 353828. 


__- COMPUTER 
.. ADD-ONS. 


6809 CPU, 14, 32, & 128K RAM/EPROM 
cards. Disk/Real-time Clock, VIA & 
bleeper card. Flex O/S. Ail chips, cases, 
P/suppties, K/boards, etc from stock, 


build your own 6809 Flex system from 
scratch. Sae for details: 
RALPH ALLEN ENGINEERING 
Forncett End, Norwich NR16 1HT 
Tel: 095 389420 
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FREE BOOKLET 


on 


BURGLAR ALARMS 


with 


LOWEST U.K. DIY PUBLISHED PRICES 
PHONE OR WRITE FOR YOUR COPY 
051-523 8440 


AD ELECTRONICS 
217 WARBRECK MOOR 
AINTREE, LIVERPOOL L9 OHU 


SECURITY 
Alarm Systems 


FREE COMPREHENSIVE CATALOGUE! 
@ LOWEST DISCOUNT PRICES 
@ HIGHEST QUALITY EQUIPMENT 


1 
Stephens Way, Goose Green, 
Wigan WN3 6PH 
Telephone (0942 42444) 


‘ LOWEST PRICED TOP QUA- 

LITY fire and Intruderr alarm 
equipment, etc. SAE for catalogue 
Security. Services, 62 High Si, 
Hythe, Kent CT21 5JR. 


COILS & CHOKES. 


MAXI-Q 


COILS AND CHOKES ; 
PREVIOUSLY MADE BY DENCO 
S.A.E. PRICE LIST 


| 8 BRUNEL UNITS, BRUNEL RD, 
GORSE LANE IND. ESTATE, 

CLACTON, ESSEX CO15 4LU. 
TEL: (0255) 424152 


_ MISC. 


HEATHKIT U.K. Spares and 
service centre. Cedar Electronics, 
Unit 12, Station Drive, Bredon, 
Tewkesbury, Glos. 
73127, 


Tel. 0684 


SOFTWARE. | 


EX42 AND CP/M? Simulate 
EPSON MX80 Operation. Also for 
other Printers/Systems. Ail 
Source/Manuals on Disk/ 
Cassette. SAE to NCS Highhail 
Farm Nettlestead Suffolk IP8 4QT. 
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MENDASCOPE LTD. 


REPAIR & RECALIBRATE 
OSCILLOSCOPES. 


ALL MAKES ALL MODELS. 


NATIONWIDE COLLECTION & 
DELIVERY 
FREE ESTIMATES 


Phone 069-172-597 


BOOKS & PUBS. 


We use only 
y 10% of our 
SY mental 
potentials 


Thess are the words of Albert Einstein, 
the greatest physicist of recent times. 

L.Ron  Hubbard’s discoveries in the 
field of the mind prove today that Einstein 
was right, 

In his book “DIANETICS: The Modern 
Science of Mental Health” L.Ron Hub- 
bard takes one more giant step in this 
direction. 

He reveals how anyone can use his dis- 
coveries to isolate the exact barriers that 
have so far prevented people from using 
their mental potentials to the full. 

More and: more people from all walks 
of life including technicians, artists, GPs, 
scientists, workers and managers alike 
use Dianetics technology today. 

The many written reports on their suc- 
cess are the best proof of the quality of 
this book, 

Find our for yourself. Order your copy 
of this remarkable book today. 

Price £3.95 paperback £17.50 hard- 
back. Make cheques and POs payable to 
S.H.F. Send to Church of Scientology 
Saint Hil! Foundation, FREEPOST (ETI 1) 
East Grinstead, Sussex RH19 4ZA (no 
stamp required). 


PARAPHYSICS JOURNAL 
(Russian translation); psycho- 
tronics, kirlianography, heliphonic 
music, telekinetics. Computer 
software. S.A.E. 4 x 9”, Paralab, 
Downton, Wiltshire. 


STATIC RAMS - 


6116 (150 NS) industry standard. 


16K static memory. New at only 
£1.80. Tel. 01 281 0633. 


CLEARANCE BARGAIN!!! 
THOUSANDS of components in 
stock. Led 7 Segment Display, 
Brand new 14 Pin Dil Red .43 inch, 
common anode display 049 with 
right and left decimal point. 9 
pieces £1.50 (30p each), 10 pieces 
£2.50 (25p each); 50 pieces 
£10.00 (20p each); 100 pieces 
£15.00 (15p each); 1000 pieces 
£100.00 (10p each). TELEPHONE 
YOUR ORDER TO 0296 613816. 


FREE MEMBERSHIP to a new 
national electronics club. For 
details and a free gift of com- 
ponents worth over £10 send only 
£1 p&p to Woodside, Dowsett 
Lane, Ramsden Heath, Essex 
CM11 1JL. 


BBC MICRO analogue port plugs, 
5 for only £3.75 10 for £7.00. P/P 
30p x 15% VAT. Capital Delta, 8 
Dunlin Close, Poynton, Cheshire. 


'. SWITCHES 


VOICE/SOUND ACTIVATED 
SWITCHES. Easy to follow 
diagrams and uses only £1. Com- 
ponents and P.C.B.s available from 
HERRINGTON, 63, Homefarm 
Road, Hanwell, London W7 1NL, 
Tel: 01-578 6627. 


KENT 


ONE STOP ELECTRONICS 


126a Maidstone Rd., Rochester ME1 3DT 
Tel: 0634 400179 


Open 7 days a week. 


Test equipment, telephones, two-way radios, repairs, 
cellular radio and components. 


Calland browse anytime except Wednesday afternoon. 


__ LANCASHIRE ; 


ETESON ELECTRONICS 


15B Lower Green, 


Fee Bee rounonieFyice 


Tel: (0253) 885107 


Open. 9.30am-12.30. 1.30-5.30. Closed Wed & Sun, 
Electronic Component Specialists. 
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LIVERPOOL 


PROGRESSIVE RADIO 
87/93 Dale Street. Tel 051 236 0154 
47 Whitechapel. Tel 051 236 5489 

Liverpool 2 
‘THE ELECTRONICS SPECIALISTS’ 
Open: Tues-Sat 9.30-5.30 


VISIT SCOTLAND’S 
NEWEST 
COMPONENT SHOP 


OMNI ELECTRONICS 
174 Dalkieth Rd 
Edinburgh EH16 5DX 


Tek: 031 667 2611 
Send S.A.E. for catalogue. 
Open Mon-Sat 9am-6pm 


Flanger/Chorus paris 
re.E.T.I. Jan 84 
Reverk Springs, Pedal Cases, Dummy Key- 
boards, Microphones, Audioleads and adaptors, 
clearance bass effects pedal and many more 


items. 
Send S.A.E. for free price list to:- 


SOLAR SOUND LTD 
18 Berton Way 
Croxley Green 
Rickmansworth 
Herts WD3 3GA 


PRINTED CIRCUIT BOARDS 
one-offs and small quantities sup- 
plied. Artwork carried out. Fennell 
Industrial Electronics, 54 Watling 
Street, Nuneaton, Warks CV114 


6JL. Tel: 0203 382296. 


POWER SUPPLIES 


NEW ADJUSTABLE 
1 AMP DC PSU 


3 to 9V or 9 to 15V current limited, 
battery circuit, high quality, built and tes- 
ted, £14.50. Remote switching option 
£1.50, case £2.50. Please add 15% VAT, 

RYD DESIGN LTD 
Railway Station 
Rye. E. Sussex TN31 7AB 


150W SWITCHMODE PSU. +5vV 
8.4A;+12V  4.8A;+24V 1.7A; 
+12V 0.2A. Perfect working 
order, over £70 in Henries Radio 
£29 + Carr, 0245-59027 after 
6.00pm. 


lackpool 
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ADVERTISERS 
INDEX 


Armon Electronics .. 
Bk Electronics ... 


Caddis Systems... 
Cirkit Holdings 
Cricklewood Electronics 
Display Electronics 
Electrovalue 

ETI Book Service 
Greenbank 


Microkit 

Microprocessor Engineering Ltd 
Rapid Electronics .... 

SME Pick-Up Arms 

Stewart of Reading 

TK Electronics 

Technomatic 

Thandar Electronics 

Universal Semi-conductor Devices 
Watford Electronics .., 
Wilmslow Audio 


AFFORDABLE ACCURACY 
QUALITY MULTIMETERS FROM ARMON 


ILLUSTRATED 
HC-5010 
£36.50 + VAT 


A comprehensive range of 
Analogue and (Pushbutton or 
Rlotary Switched) Digital Models 


HM-10282 HC-7030 0.1% Accuracy. Standard Model 
JOADC Range, 20k0/VDC, Buzzer, Battery Test tic e949 0.25% Accuracy. Standard Model 
Scale i ivsiitatecisen a Nahretieanentiriciona - £13.00 £33.50 
19 measuring ranges HC-5010T 0 25% Accuracy. TR Test Facility 
HM-102R £39.50 
Low end voliage & current ranges, Jack for Audio DM-105 0.5% Accuracy. Pocketable ‘Siee 
OPP VOMAGES «2... ees ceccee eneesteseteneceseey eet £71.00 ; 
20 measuring ranges ee monels have full functions and ranges and 
HM-1015 3% digit 0.5" LCD display 


Rugged, Pocked sized meter, for general purpose 
£7.50 


16 measuring ranges 
Battery, Test Leads and Manual included with each 
model 


Low battery indication 

Auto zero & Auto polarity 

ABS Plastic Casing 

DC AC 10amp Range (net DM-105} 
Overload Protection on all ranges. 

Battery, Spare Fuse, Test Leads and Manual. 


| | = FULL DETAILS ON APPLICATION FROM:- 


ARMON ELECTRONICS LTD 


DEPT. S HERON HOUSE, 109 WEMBLEY HILL ROAD, WEMBLEY, MIDDLESEX HAS 8AG 
LEPHONE 01-902 4321 TELEX 92398 
PLEASE ADD 15% to your order for VAT. P&P Free of charge. Payment by cheque with order 


Trade enquiries invited 
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Offer applicable to mainiand U! ‘only 


_Please allow 28 days for delivery 


Universa! Semiconductor Devices Ltd. 


17 Granville Court, Granville Road, 
Hornsey, London N4 4EP, Engiand. 
Tel: 348 9420/9425* Thx 25157 usdco g 


We offer one of the largest ranges of semiconductors athighly economical 
prices. The following semiconductor types are available from stock. if we 
don't stock what you need then we can get it fast from our facilities in West 
Germany and USA upon request. 
TRANSISTORS — Bipolars — Germanium and Silicon 

Small signal 

Power 

Darlingtons —- ali shapes and sizes 

VHF/UHF devices — all shapes and sizes 


FETS — Power Mosfets 
Unijunctions 


DIODES — Germanium and Silicon 
Rectifiers and Bridges 
Opto-Electronic devices 
LEDs of all shapes and sizes 


THYRISTORS and TRIACS — All 


gg & 


INTEGRATED CIRCUITS: Consumer — Digital/Analogue 
Microprocessors and Peripherals 
IC Sockets 


JAPANESE COMPONENTS — Vast range of discrete’s and consumer IC's 


Mail order customers: Please send for our comprehensive price ist, 
enclosing 75 pence in stamps. Cheque or postal order. This sum is refund- 
able with a first order value of £5.00 or more. 


ShaPOS sizes ratings 


Catalogue sent free or charge, when requested on official letterhead 

(without refund), to OEM’s, Schools, Colleges, Universities, Government 

Institutions, Computer Firms, Electronic Repair Firms and Distributors. 

Special discounts and payment terms are available to above institutions. 
Please enquire for quantity distcounts. 


WE WELCOME TELEPHONE AND TELEX ENQUIRIES! 


CLASSIFIED ADVERTISEMENT 
ORDER FORM 
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K SERVICE 
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dicate the books required by ticking the boxes and send this page, together with your payment to: ETI Book Service, 


Technical Book Service, Oak House, Cannon Hill Way, Maidenhead SL6 2EY. Make cheques payable to Technical Book Service. Payment 


in sterling only please. All prices include P & P. Prices may be subject to change without notice. 


BEGINNERS GUIDE 


Beginner’s Guide to Basic Programming 
Stephenson Saks . 
Beginner’s Guide to Digital Electronics 
Beginner’s Guide to Electronics —s_ 
Beginner’s Guide to Integrated Circuits 
Beginner’s Guide to Computers 
Beginner’s Guide to Microprocessors 
Beginners Guide to Microcomputing 
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COOKBOOKS 


Microprocessor Cookbook M. Hordeski 
1C Op Amp Cookbook Jung 

Active Filter Cookbook Lancaster 

TV Typewriter Cookbook Lancaster 
CMOS Cookbook Lancaster 

TTL Cookbook Lancaster 

Micro Cookbook Vol.1 Lancaster 

MC 6809 Cookbook 


ELECTRONICS 


Electronic Devices & Circuit Theory Boylestad 
Principles of Electronic Instrumentation De Sa 
Giant Handbook of Computer Software 

Giant Handbook of Electroni¢ Circuits 

Giant Handbook of Electronic Projects 

Electronic Logic Circuits Gibson 

Analysis and Design of Analogue Integrated 
Circuits Gray 

Basic Electronics Grob 

Lasers, The Light Fantastic Hallmark 

Introduction to Digital Electronics & Logic Joynson 
Electronic Testing and Fault Diagnosis Loveday 
Electronic Fault Diagnosis Loveday 

Essential Electronics A-Z Guide Loveday 
Microelectronics Digital & Analogue circuits and sys- 
tems Millman 

Power FETs and their application Oxner 
Electronic Drafting and Design Raskhodoff 
Electronic Fault Diagnosis Sinclair 

Digital Systems: Principles and Applications Tocci 
Master Handbook of Telephones Traister 

Gowar J. Optical Communications Systems 
Graft Encyclopedia of Electronic Circuits 
Horowitz/Hill The Art of Electronics 

Senior J. Optical Fibre Communications: 
Principles & Practice 

Tomel Principles and Practice of Electrical and 
Electronic Troubleshooting k 
Wilson/Hawkes Optoelectronics: An introduction 


0 
0 
0 
Oo 
0 
0 


oO 


COMPUTERS & MICROCOMPUTERS 


From BASIC to PASCAL Anderson 

Microprocessor Intertacing Carr 

Microcomputer Interfacing Handbook A/D & D/A 
Carr 

Troubleshooting Microprocessors and Digital Logic 
Goodman 

How to Design, Build and Program your own working 
Computer System Havilland 

Microcomputer Builders’ Bible Johnson 

Digital Circuits and Microcomputers Johnson 
PASCAL for Students Kemp 

The C - Programming Language Kernighan 

Theory and Practice of Microprocessors Nicholas 
Microprocessor Circuitss Vol.1. Fundamentals and 
Microcontrollers Noll 

Microprocessor Applications Handbook Stout 
Handbook of Microprocessor Design and 
Applications Stout _ 

Programming the PET/CBM West 

The Art of Microdesign Berk A.A. 

Starting FORTH Brodie 

Thinking FORTH Brodie 

SCR Manual 6th Edltlon General Electric. 
Videodisc and Optical Memory Systems Isailovic 
A Practical Introduction to New Logic Symbois 
Kampel 
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Please send me the books indicated. | enclose cheque/postal order for 
£ 


Computer Techniques Handbook Margolis 
Build your own Expert System Naylor 
Interactive Video Parsloe 

Programming with D Base III Progue 
Artificial Intelligence Shirai/Tsujii 
Superfine Programming In C Stewart W. 
The Blg Red Book of C Sullivan 

VLSI Technology SZE 

A User Guide to the UNIX System Thomas 
Going from BASIC to C Traister 
Introduction to Pascal Welsh/Elder 
PASCAL 3rd Edition Findley/Watt 
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REFERENCE BOOKS 


Electronic Engineers’ Handbook Fink 

Electronic Designers’ Handbook Giacoletto 
Handbook for Electronic Engineering Technicians 
Kauffman 

Handbook of Electronic Calculations Kauffman 
Modern Electronic Circuit Reference Manual 
Marcus 


Handbook of Microcircuit Design & Appiications 
Stout & Kaufman 
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International Transistor Selector Towers 
International Microprocessor Selector Towers 
International MOS Power and other FET Selector 
International Digital IC Setector Towers 
International Op Amp Linear IC Selector Towers 
Illustrated Dictionary of Electronics Turner 
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OC Servicing Home Video Cassette Recorders Hobbs 
Complete Handbook of Videocassette Recorders 
Kybett ‘ 
Theory and Servicing of Videocassette Recorders 
McGinty 

Beginner’s Guide to Video Matthewson 

Video Recording: Theory and Practice Robinson 
Video Handbook Van Wezel! 

Video Technique White 

Grob Basic Television and Video Systems 
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ELECTRONIC DATA BOOKS 


0 THT 83/84 Data dictionary and comparison table 
TVT A-Z Transistor equivalent book 

TVT 2N Transistor equivalent book 

DAT 1 Part 1 of compendium covering transistors A- 
BUY 


DAT 2 Part 2 covering C-Z transistors 

DAT 3 Part 3 covering 2N21-2N6735 

DAT 4 Part 4 covering 2SA,2SB,2SC,2SD,2SJ, 
2SK,3N,3SJ,3SK,4000 

LIN 1 Linear operational amplifiers data and com- 
Parison tables 

LIN 2 Linear voltage stabilizers, data and 
comparison tables 

TTL TTL digital data and equivalent book 

DDV/1 Part 1 European diode data equivalent book 
DDV/2 Part 2 American and Japanese diode data and 
equivalent book 


Prices include postage and packing. 
1 wish to pay by Access/Barclaycard. Please debit my account. 


LILI JOU JOOIO 
| | SS JOUIL 
Signed.... 
Name...... 
Address 
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Lowest possible prices? 
Top quality components? 
_ Fast reliable service? 

Large range? 


MAPLIN ELECTRONIC SUPPLIES LTD. 
Mail Order: P.O. Box 3, Rayleigh, Essex SS6 8LR. 
Telephone: Southend (0702) 552911 
SHOPS 
® BIRMINGHAM Lynton Square, Perry Barr, Tel: 021-356 7292. 
@ LONDON 159-161 King Street, Hammersmith, W6. 
FF} Telephone: 01-748 0926. 
er ey MMe ge et ea en Ag Sm Pea ‘ @ MANCHESTER 8 Oxford Road, Tel: 061-236 0281. 
om @ SOUTHAMPTON 46-48 Bevois Valley Road, Tel: 0703 225831. 
hiro assenecinpe scan oamenese oben ste stained eveaag avon tataseee ci aaes evenness silt a : ® SOUTHEND 282-284 London Rd, Westciiff-on-Sea, Essex. 
: . : Telephone: 0702-554000 
NRE RE POR EEE EEN Ta EEE me OE ee AS RENE “scree: ii nis. Shops closed all day Monday. 


Pick up a copy of our new 1986 catalogue from any branch of 
W.H. Smith for just £1.45. 

Or post this coupon now, to receive your copy by post for just 
£1.45 + 40p p & p. If you live outside the U.K. send £2.50 or 
11 International Reply Coupons. | enclose £1.85. 


